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UTC  INTERSTASE  AND  LINE  FILTERS  _ 


STOCK  TYKCS 
(numb«r  tn  fi|ur«  It  cycln) 


■Ml-M  SHMOei 

■Ml-IM  NMI-lSe 

■MI-IM  HMI-4M 

MMM  NMI-MO 

•MI4M 


LMI^  NMI-3M 

LMMOOO  HMl-MS 

IMMIM  NMl-IOOO 

IHl-INe 
LMI-SSM  IIM.-1MO 


■MI-4000  IMI-NO  MM.-1000  lMl-12000 


This  standardized  group  of  filters  covers  most  popular  filter  applications  Mid  frequencies.  Units  are  in 
compact,  drawn,  magnetic  shielding  cases. . .  IVi*  x  T'/it  base,  IH  high  for  BMI,  LMI,  BML;  others  2Vi 
high.  There  are  six  basic  types: 

BMI  band  pass  units  are  lOK  input,  output  to  grid  2:1  gain.  Attenuation  is  approximately  2  db  at  3% 
from  center  frequency,  then  40  db  per  octave. 

HMI  high  pass  units  are  lOK  in  and  out.  Attenuation  is  less  than  6  db  at  cut-off  frequency  and  35  db 
at  .67  cut-off  frequency. 

LMI  low  pass  units  are  lOK  in  and  out.  Attenuation  is  less  than  6  db  at  cut-off  frequency  and  35  db 
at  1.5  cut-off  frequency. 

HML  high  pass  filters  are  same  as  HMI  but  500/600  ohms  in  and  out. 

LML  low  pass  filters  are  same  as  LMI  but  500/600  ohms  in  and  out. 

BML  band  pass  units  are  same  as  BMI  but  500/600  ohms  input,  output  to  grid,  9:1  gain. 
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STOCK 

TYPES 

(iHifflter  In  fi|urc  is  KO 

TMN-B 

TMN-3.3 

TMN-14J 

TMM-23 

TMM-JB 

TMN-3A 

TMN-22 

TMW-3B 

TMN-.T3 

TIMI-3.1 

TMN-M 

TMW-4B 

TMN- AS 

TMNB4 

TMNBB 

TMW-B2J 

TMH-1A 

TMN-7.R 

TMN-SSJ 

TMW-7« 

TMN-1.7 

TMN-1BJ 

TMN-Ti 

It  to  grid,  9:1  gain.  V 

UTC  TELEMETERING  BAND  PASS  FILTERS 


TMN>4  tm  Tim-1.7 
%  X  IXi  X  3  Inches 
UValClt _ 3.5  M. 


TMN-2.3  ttra  TMW-7f 
%  X  %  X  IH  Inches 
WeltM _ IJei. 


UTC  Standard  telemetering  filters  provide  extreme  miniaturization  with  maximum  stability,  a  complete 
set  of  18  filters  taking  19  cubic  inches.  They  are  lOOK  in  and  out  and  have  an  insertion  loss  of  less  than 
6  db.  4  pin  header  for  small  Winchester  socket. 

TMN  units  are  within  3  db  at  -  7.5%  of  center  frequency . . .  down  more  than  18  db  at  -  25%  . . . 
more  than  40  db  beyond  1.75  and  .58  center  frequency. 

TMW  are  within  3  db  at  -  15%  of  center  frequency . . .  down  more  than  20  db  at  -  50%  . . .  more  than 
40  db  beyond  2.5  and  .4  center  frequency. 


UTC  TELEGRAPH  TONE  CHANNEL  FILTERS 


STOCK  TYPES 

(RiMiilMr  In  h|urc  it  cycles) 

RECEIVINfi 


TS«-1iaS  TB«-24SS 

TS«-mt  TS«-2S3S 

TMI-144S  Tsa-zaos 

TBR-tSIS  TBR-2B7S 

TRANSMiniNfi 


These  band  pass  filters  for  multiplex  transmitting  and  receiving  provide  maximum  stability  in  miniature 
sizes.  Both  receiving  and  transmitting  types  are  600  ohms  in  and  out,  and  employ  7  terminal  header  for 
sub-miniature  7  pin  socket. 

TGR  receiving  filters  are  within  3  db  at  -  42.5  cycles  from  center  frequency . .  down  more  than  30  db 
at  -  170  cycles . . .  down  more  than  15  db  at  adjacent  channel  cross-over. 

TfiT  transmitting  filters  are  within  3  db  at  -  42.5  cycles  from  center  frequency . . .  down  more  than 
16  db  at  ^  170  cycles . . .  down  more  than  7.5  db  at  adjacent  channel  cross-over. 


TBT-17BS 
TBT-ltSS  jQY 

T6T-3125 

T6T-22BS  1V4  s  )W  s  2Vi  •«.  S«. 
TfiT-24BS  jgH 

TBT-2B3S  • 

TBT-2tBS  m  s  IVY  X  4Mi  I*  ISM. 
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Issue  at  a  Glance 


Stereo  in  Anechoic  Chamber.  Engineer  sets  up  complete  prototype  stereo¬ 
phonic  equipment  in  RCA’s  Cherry  Hill  laboratories.  Unit  on  right 
houses  low-cost  amplifier  that  operates  as  tuo  single-ended  channels 
for  stereo  and  single  push-pull  channel  for  monophonic  operation. 
See  p  77 . COVER 
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NEW! 

HIGH-TEMPERATURE 

FABMIKA* 

-  CAPACITORS 


standard  ratings  for  26fy*C 
up  to  310^C  In  special  designs 


Sprague's  new  FABMIKA  Capacitors  can  really  handle 
the  HOT  ones!  ...  jet  ignition,  missile  controls, 
atomic  reactors  . . .  any  high  voltage  d-c  power  supply 
where  high  temperature,  small  size,  and  light  weight 
are  important  .  .  .  especially  where  components  are 
immersed  in  a  dielectric  fluid. 

•  Sprague's  new  FABMIKA  Capacitors  rely  on  a 
specially  processed  dielectric  for  their  heat  resistant 
properties.  Developed  through  three  years  of  research 
and  manufacturing,  this  dielectric  consists  of  silicone- 
bonded  mica  paper  which  can  function  effectively  in 
temperatures  up  to  260°C  and,  in  special  designs,  up 
to  310°C.  There’s  a  choice  of  four  standard  tempera¬ 
ture  ranges:  from  -5  5°C  to  -f  1 2 5“C,  -f- 1 65°C,  -|-  200°C, 
and  -1-260°C. 


TYPICAL  INSULATION  RESISTANCE 

‘c 

_ L— _ - _ _ _ _ 

Temp.  “C 

MQX  oF 

125 

300  (riitii.) 

165 

100  (min.) 

250 

50  (min.) 

260 

10  (min.) 

Maximum  Dissipation  Factor:  .15%  at  400  cy.  25*C . 


•  Radiation  resistance  is  another  outstanding  char¬ 
acteristic  of  FABMIKA  Capacitors.  They  have  been 
application  tested  in  reactors  under  high  dosage  rates 
without  harmful  loss  of  capacitance. 

•  Another  important  application  is  400  cycle  a-c 
power  supplies  where  their  low  dissipation  factor 
results  in  small  capacitors  with  minimum  rise  in  tem¬ 
perature  under  operating  conditions. 

•  Miniature,  high-reliability  pulse  forming  networks 
are  still  another  well  tested  application. 

•  FABMIKA  Capacitors  are  available  in  four  con¬ 
structions:  uncased  (up  to  200°C),  uncased  and 
clamped  (up  to  260°C),  cast  epoxy  housing  (up  to 
200°C),  and  drawn  metal  case  (up  to  260°C  standard 
and  310°C  special). 

•  For  complete  specifications,  write  for  Engineering 
Bulletins  to  the  Technical  Literature  Section,  Sprague 
Electric  Co.,  35  Marshall  St.,  Nonh  Adams,  Mass. 


SPimtUE* 

the  mark  of  reliabiUty 


8PRAOUE  COMPONENTS: 

CAPACITORS  •  RESISTORS  •  MAGNETIC  COMPONENTS  •  TRANSISTORS  •  INTERFERENCE 
FILTERS  •  PULSE  NETWORKS  •  HIGH  TEMPERATURE  MAGNET  WIRE  •  PRINTED  CIRCUITS 
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ONE  BEST 


BET  in  1959 


Beginning  in  January,  electronics  will  have  the 
same  editorial  format  each  week. 

Technical  articles  that  have  distinguished  the 
magazines  since  19.30  as  the  leading  publication 
in  its  field  will  be  increased  in  number  and  will 
he  joined  by  business  articles  we  now  know  have 
wide  appeal  and  usefulness. 

We  learned  in  1957  that  there  was  a  need  for  this 
additional  material;  we  learned  in  19.58  that  it 
was  needed  weekly.  So  our  planned  standardiza¬ 
tion  of  issues  should  better  serve  readers  in  re¬ 
search,  design,  production  and  management.  And 
we  hope  it  will  make  electronics  compulsory 
reading  for  many  others. 

Subscribers  gained  400  additional  editorial  pages 
in  1957,  more  than  550  in  1958.  They  will  bene¬ 
fit  again  in  the  year  just  ahead,  both  in  quantity 
and  in  quality,  as  we  further  broaden  our  scope 
and  coverage  without  taking  our  eye  off  the 
engineering  ball. 

Thus  ELECTRONICS  keeps  pace  with  its  growth  in¬ 
dustry.  If  it's  about  electronics,  read  it  in 
ELECTRONICS — repackaged  as  a  straight  weekly. 

Publisher 


December  5,  1958  —  ELECTRONICS  engineering  issue 


GaaEB  EBiifisys 


FIRST  in  the  industrial  field 


CIRCLE  J  READERS  SERVICE  CARO 


CLARE  Service 

which  can  solve  your  Wiring  Problems 


If  your  present  policy  is  to  buy  separate  relays 
and  switches  and  perform  the  necessary  wiring 
yourself,  you  can  benefit  from  our  new,  complete 
wiring  service. 

From  the  smallest  bench  unit  to  large  rack- 
type  cabinets,  Clare  can  offer  packaged  wired 
assemblies  to  meet  your  exact  requirements. 
We  can  build  to  your  specifications,  or  construct 
assemblies  from  our  own  stock  of  bases,  con¬ 
nectors,  plugs,  and  other  components. 

With  the  opening  of  our  new  plant  in  Fair- 
view,  N.  C.,  we  how  have  the  capacity  to  handle 
any  wiring  project.  Our  experience  in  the  care 
and  treatment  of  precision  relays  and  switches 


is  your  assurance  of  familiar  Clare  quality.  We 
have  developed  our  own  versatile  tooling  to 
provide  an  economical  service. 

As  a  result,  we  can  deliver  to  you  wired  as¬ 
semblies  which  are  fully  tested  and  which  ad¬ 
here  to  the  highest  standards  of  quality — and 
we  can  do  this  more  economically  than  you  could/ 
do  it  yourself. 

Why  not  let  us  show  you  how  you  can  fit  this 
special  service  into  your  own  operation?  Call  or 
write:  C.  P.  Clare  &  Co.,  3101  Pratt  Blvd., 
Chicago  45,  Illinois.  In  Canada:  C.  P.  Clare 
Canada  Ltd.,  2700  Jane  Street,  Toronto  15. 
Cable  Address:  clarelat 
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RELIABLE  SUBMINIATURE  TUBES 

averaged  one-third  the  rejection  rate  of  all  other  tubes  used 
in  a  Missile  Guidance  System  at  llf0T0#701.A  #iVO. 

WiSTCIN  MILITAiY  EiCCTIONiCS  CCNTIt 


Raytheon  Flat  Press  Reliable  Subminiature  Tubes  aver¬ 
aged  0.9%  removals  in  critical  Terrier  missile  system  tests 
compared  to  2.8%  for  all  other  types.  Raytheon  Flat  Press 
construction  provides  superior  mechanical  features  in¬ 
cluding: 

longer  and  stronger  glast-lo-lead  wire  teal 
no  burned  leads 
complete  lead  tinning 

optimum  lead  arrangement  for  wiring,  socketing  or  dip 
soldering 

maximum  teal  reliability  for  operation  and  shelf  storage 


Raytheon  Reliable  Subminiature  Tubes  possess  the  elec¬ 
trical  ratings  and  specifications  that  assure  top  perform¬ 
ance  as  well  as  reliability.  They  have  always  been  designed 
and  constructed  to  assure  reduced  vibration  output  after 
shock,  tighter  limits  for  important  characteristics  and 
greater  resistance  to  shock,  fatigue  and  other  environ¬ 
mental  factors.  The  latest  refinements  are  embodied  in 
a  new  family  of  Reliability  Plus  Subminiature  Tubes 
for  which  types  and  typical  characteristics  are  listed 
below. 


RAYTHEON  REUABLE  SUBMINIATURE  TUBES  Por  Owidsd  MissUo,  MMitsry  and  All  Otiior  Critical  Applications 

TYPICAL  CHARACTERISTICS 


TYPE 

DESCRIPTION 

Vibrition 

Output* 

(mtiimum) 

mVK 

Vibration 

Output** 

poahtopoak 

mv 

Hoator 

Voitt  mA 

Plata 

Volti  fflA 

Cathoda 

Biat 

Ratittor 

ahmt 

Scraaa 

Voitt  mA 

Ampli¬ 

fication 

Factor 

Mutual 

Conductanca 

pmhot 

CKS702WB 

SO 

240 

m 

200 

120 

7.$ 

200 

120 

24 

- 

9000 

CK870SWB 

High  Fioquoncjr 
Triodo 

10 

SO 

■a 

200 

120 

9.4 

220 

- 

- 

2$.5 

9000 

CKS704WA 

HiWiiiJIii 

- 

25 

■s 

ISO 

Mat.  invarta  paak  m  460  voitt;  mat.  b  10  mA 

Hifh  Mu  Tried* 

15 

75 

HU 

200 

250 

■”42  1  J35  1  — 1  -  1  7S~ 

— m — 

Vi.  V  L.j  Mi 

P 

— 

mrrrnzrnjm 

Rr  Mii*r  Rentodt 

"s 

300 

6.3 

HkA^HHIESH 

in 

maRTnyrrm 

Mil|i|l|i  Ii||  1  ■ 

20 

— 

mKtm 

MB:7!r!r7fTTffrrr7'rTn:!:i!,.!— rt:  rr. .  t  r  rrmTTPr-rr.B 

.M  1  M  H  1  7  M 

2.5 

_ 2 _ 

■ra 

200 

2S0 

n.  — 

8m 

- JB5~ 

CKSS33WA 

U 

15 

K3 

200 

120 

0.9 

ISOO 

-  - 

94 

1790 

Each  typ*  h  alactrkoMy  and  wehowi- 
cony  Marchongaabla  with  aoiiiar  var- 
tiora  of  Hi#  tarn*  basic  typo. 

OovolopaO  undor  Novy  tponsonhip. 


tulb  tomparatur#  rotinos  fo  26S*C 


*l5f.  40  cpt,  hied  Iroqttncy 
**1H,  30  to  1000  cpt  swoop 


INDUSTRIAL  TUBE  DIVISION 


Rofiablo  Miniotvra  and  Swbminialura  Tubot 
VR  Tifbot  •  Ractiflart  •  Thyratront  • 


'  Filamontary  Tubot 
Colbodo  Ray  Tubot 


Nowton,  Mati.i . 55  CHapol  Sf.,  Mgolaw  4-7500 

New  Ysrkt . 589  Fifth  Avo.,  Plaza  9-3900 

Chlcagpt  9501  Grand  Avo.,  FranUhi  Park,  NAHonal  5-4130 
Las  ApbsIssi  5234  Santa  Manka  Blvd.,  NOrmandy  5-4221 
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BUSINESS  BRIEFS 


ELECTRONICS  NEWSLETTER 

PACKAGED  MASER  SYSIEM  with  potential 
uses  in  space  electronics,  long-range  radar  and 
aircraft  is  about  18  months  from  prototype 
completion.  Prediction  comes  from  Sylvania 
Research  Laboratories  vice  president  Robert  M. 
Bowie.  He  said  recently  that  Sybania’s  con¬ 
cept  of  a  packaged  maser  system  would  include 
a  small,  built-in  cooling  system,  and  a  small 
permanent  magnet  instead  of  the  huge  electro¬ 
magnets  now  used  in  laborators-  systems.  Bowie 
added  that  “there  arc  a  number  of  problems 
still  to  be  solved  before  we  can  demonstrate 
a  working  miniaturized  system.”  Coal,  he  ex¬ 
plained.  is  a  simple,  rugged  system  that  could 
be  operated  by  a  scrsiceman  and  “accomplish 
feats  of  detection  not  drt“amed  of  with  present- 
day  radar.”  The  maser,  he  said,  would  increase 
the  range  of  a  consentional  radar  system  from 
two  to  seven  times. 

NUCLEAR  POM  ER  PI.AM  that  can  be  trans 
ported  bs-  air  and  set  up  as  the  main  jX)wer 
source  at  remote  radar  stations  is  just  announced 
by  the  Atomic  Energs  Commission.  Prototype 
of  the  unit,  the  .\rgonne  T>ow  Power  Reactor 
(ALPR),  has  been  completed  at  the  .\EC's 
National  Reactor  Testing  Station  in  Idaho.  In¬ 
struments.  controls  and  associated  remote  trans¬ 
mitters  and  dcsices  were  supplied  by  I.ecds  &• 
Northrup.  'I’hc  .\LPR.  which  can  supply  200 


kw  of  electricit}-  and  400  kw  of  space  heat,  is 
intended  to  operate  radar  equipment  and  warm 
installations.  Overall  unit  cost  is  about  S2  mil¬ 
lion.  of  which  one  fourth  is  for  reactor  com¬ 
ponents.  instrumentation  and  assembly. 

BRIIISH  COMPU lERMAKER  EMI  Electronics 
is  entering  the  U.S.  market  with  a  giant,  high¬ 
speed.  general-purpose  electronic  computer.  The 
machine.  EM  I  DEC  2400,  uses  transistor  diode- 
logic  units  and  circuit  elements  mounted  on 
plug-in  printed  circuit  panels,  switches  in  2/10 
of  a  microsecond  and  executes  instructions  in 
25/40  microseconds.  Arthur  Hoffman,  presi¬ 
dent  of  L.  H.  Hoffman,  Westbury,  L.  I.,  w-hich 
represents  the  British  firm,  said  a  unit  would 
be  ready  in  June  or  July  for  delivery.  He  said 
the  U.  S.  Government  had  expressed  interest  in 
the  machine,  w-hich  consists  of  55  racks  and  is 
about  half  a  bkKk  long;  British  Ministry  of 
Defense,  he  said,  was  getting  the  first  unit. 
Cost,  including  associated  data-processing  gear, 
is  about  S2.5  million,  he  said. 

RADIO  TELESCOPE  with  160,000  sq  ft  of  receiv¬ 
ing  area  is  being  built  by  the  Universih-  of  Illi¬ 
nois  with  a  5255,000  Nas-s-  grant.  Site  is  55 
miles  east  of  the  Urbana-Champaign  campus. 
The  trough-shapxrd  reflector  will  be  600  ft  long; 
trough  will  be  400  ft  wide  and  65  ft  deep. 


FIGURES  OF  THE  WEEK 

RECEIVER  PRODUCTION 


(SoMrvrEIA)  No*.  14, '58  Nov.  7, '58  Nov.  IS, '57 

Totovilion  sots,  tout  .  112,202  111,554  137,263 

Rodio  sots,  toUl  .  364,943  344,204  442,416 

Auto  sots  .  113,309  117,585  152,541 

STOCK  PRICE  AVERAGES 

(Sourco:  Standard  A  Poor's)  No*.  19,  '58  N».  12,  '58  Nov.  20,  '57 

Radio-tv  A  oloctronks  .  69.18  68.84  42.65 

Radio  broadcastors .  75.67  76.88  52.00 
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FIGURES  OF  THE  YEAR  Totals  for  first  nine  months 

1^58  1957  Percent  Change 


Rtetiving  tube  salts . 

291,718,000 

341,663,000 

-14.6 

Transistor  sales  . 

30,387,277 

18,842,300 

-(-61.3 

Cathod*-ray  tube  sales  . . . . 

5,844,66S 

7,308,552 

-20.0 

Television  set  production  . . . 

3,572,189 

4,589,164 

-22.2 

Radio  set  production . 

8,178,821 

10,764,454 

-24.0 

TV  set  sales  . 

3,468,090 

4,452,041 

-22.1 

Radio  set  salts 
(txcl.  auto)  . 

4,903,676 

5,840,372 

—16.0 

Radar  shows  daytime  bird  distribution  (left),  then  same  scene  after  applying  bird- 
removing  circuit.  Except  where  many  birds  are  feeding  together,  each  remaining  dot 
represents  a  plane 


Isolating  Radar  'Angels' 

New  circuit,  result  of  two-year  study,  helps  pin 
point  sources  of  spurious  radar  echoes 


Most  radar  “angels”  observed  at 
coastal  sites  are  caused  by  birds, 
reports  an  MIT  Lincoln  Lab  group 
which  recently  completed  exhaus¬ 
tive  study  at  So.  Truro,  Mass.,  on 
Cape  Cod. 

Development  of  “bird-removing 
circuit”  helped  pinpoint  source  of 
spurious  radar  echoes,  much-dis¬ 
cussed  obstacle  to  aircraft  tracking 
(Electronics,  p  140,  March  14). 

Research  project  resulted  in:  De¬ 
sign  of  circuit  which  clears  ppi 
scope  by  removing  birds  while  re¬ 
taining  radar’s  ability  to  sec  air¬ 
craft;  gathering  of  data  on  daily 
and  seasonal  variations  in  bird  ac¬ 
tivity.  Latter  indicates  high-pow¬ 
ered  ground  radar  would  lx;  valu¬ 
able  bird-study  tool. 

Conclusions  were  reported  last 
month  to  Ses'cnth  Weather  Radar 
Conference  at  Miami  Beach  by 
R.  E.  Richardson,  J.  M.  Staccs', 
H.  M.  Kohler  and  F.  R.  Naka  of 
Lincoln  Lab. 

Researchers  using  L-band  (1,300 
me)  surseillance  radar  discovered 
that  natural  overwater  targets  cov¬ 
ered  much  of  first  40  miles  on  ppi 
display.  On  many  Spring  and  Fall 
nights,  ppi  was  blanketed  by  such 
targets  to  more  than  50  miles. 

Evidence  pointed  consistently  to 
birds,  and  theory  was  strengthened 
by  correlated  information  on  bird 
habits  and  by  distributions  observed 


on  low-altitude  aircraft  flights. 

Additional  confirmation  came 
when  the  research  group  dcs  clopcd 
a  circuit  applying  time-varying  gain 
to  radar. 

Richardson  pointed  out  at  the 
conference  that  radar  energy  re¬ 
turn  from  a  target  which  remains 
in  the  same  region  of  antenna  gain 
pattern  and  is  small  compared  to 
beam  cross-section,  varies  inversely 
as  the  fourth  jxiwer  of  the  range  to 
the  target.  Since  rcccivc-d  voltage 
is  proportional  to  the  square  root 
of  the  energy,  received  voltage 
varies  inversely  as  the  square  of 
the  range. 

A  time-varying  gain-control  volt¬ 
age  was  therefore  developed  which 
causes  radar  gain  to  be  proportional 
to  the  square  of  time  after  trans¬ 
mitter  pulse.  This  makes  return 
from  given-si/x  target  independent 
of  range.  Since  an  aircraft  has  a 
larger  cross-section,  it  is  piossible  to 
adjust  gain  to  remose  birds  without 
remos-ing  aircraft. 

Elxpcricncc  has  shown,  MIT  re¬ 
searchers  said,  that  a  setting  which 
removes  targets  30  dh  above  noise 
at  20  nautical  miles  causes  ppi 
scope  face  to  be  clean,  but  allows 
tracking  of  small  aircraft. 

Much  of  the  meteorological  work 
with  radar  has  been  done  at  K- 
band,  where  wavelength  is  com¬ 
parable  to  insect  dimensions,  and 


there  appears  to  be  evidence  that 
at  least  some  of  targets  are  due  to 
insect  returns.  At  L-band,  how¬ 
ever,  insects  are  in  Rayleigh  region, 
and  should  have  negligible  radar 
cross-section,  team  reported. 

Early  phases  of  two-year  experi¬ 
ment  were  performed  with  a  radar 
whose  lower  beam,  having  a  \crti- 
cal  bcamwidth  of  3  deg,  just 
“scrapics”  hori/on  at  its  lower  3  db 
level.  Upper  beam  was  positioned 
just  above  lower  beam.  Unidenti¬ 
fied  targets  were  \isiblc  on  lower 
beam,  but  were  not  obsersed  on 
upper.  In  later  portions  of  experi¬ 
ment,  single  fan  beam  was  used. 

A  powerful  tool  in  identification 
of  targets  was  the  bipolar  coherent 
sidco  out  of  the  i-f  phase  detector, 
as  viewed  on  an  A-scopc.  A  return 
is  coherent  if  there  is  a  systematic 
pulsc-to-pulsc  relationship  of  the 
r-f  phase  of  received  signal  com¬ 
pared  to  transmitted  signal.  An¬ 
tenna  was  stopped  and  allowed  to 
searchlight  at  an  a/imuth  contain¬ 
ing  desired  targets. 

Also  at  weather  radar  conference, 
papiers  were  presented  on  cloud  and 
precipitation  physics,  sfcrics,  at¬ 
mospheric  physical  conditions  as¬ 
sociated  with  microwasc  propaga¬ 
tion,  an  isoccho  contouring  dcsicc 
to  predict  sudden  changes  in  ceiling 
and  visibility,  and  radar  analysis  of 
scscre  storms. 


Japanese  Get 
Transistor  Queries 

TOKYO — Several  Japanese  firms 
report  that  they  have  just  rccciscd 
inquiries  about  “a  couple  of  hun¬ 
dred  million  dollars  worth”  of  tran¬ 
sistors,  tubes,  radios  and  tv'  parts. 

The  Japanese  manufacturers  told 
Electronics  the  inquiries  came 
from  large  U.  S.  firms.  They  said 
delivery  dates  and  prices  were  still 
subject  to  negotiations. 

Japanese  firms  and  the  orders 
each  is  negotiating  are:  Hitachi — 
7  million  tubes  and  several  hundred 
million  transistors:  Toshiba — 8.2 
million  tubes  and  several  hundred 
million  transistors;  Nichiden — 3 
million  tubes.  No  breakdown  on 
transistor  radios  and  tv  parts  in- 
(Continued  on  p  12) 
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FOR  THE  FIRST  TIME... 28V  AT  100  AMPERE 


NlOOfl  MT«d«0-S 


.A. 

I 


transistorized,  virtuaiiy  transient-free 
DC  POWER  SUPPLY 


A  MAJOR  BREAK  THROUGH  IN  DC  POWERII 

Realizing  a  definite  need  for  dynamically  regulated  D.C.  Power 
in  high  current  capacities,  Perkin  Engineering  has  pioneered 
the  development  of  a  line  of  units  headed  by  100  ampere, 
completely  transistorized,  power  supply,  with  excellent 
transient  regulation  which  is  a  “must”  when  powering  voltage 
sensitive  equipment  such  as  transistorized  inverters,  converters, 
etc.  This. unit  suppresses  line  and  load  transients  to  a  very 
low  level  virtually  eliminating  voltage  “overshoot”  and 
“undershoot”  common  with  more  conventional  supplies. 


UNIQUE  FEATURES 
OF  MODEL  MTR28-100^^ 

•  COMeiETElV  TRANSISTOtIZED 

•  EXCfllfHT  DVMAMIC  ||||[H 

ITIANStEMTI  MOUIATION 

•  low  simE 

•  SHORT  CIRCUIT  PROOE  = 

•  AUTOMATIC  CURRENT  IIMITINO  V.., 

•  SIIICON  rOWH  RfCTiriERS  I 

•  EAST  IfSRONSE  TIME  ‘  | 

•  REMOTE  SENSING 

•  SIIICON  ZENH  DIODE  REEERENCE 

EIEMENT  l 


MODEL  MTR28>100 


OTHER  UNITS  AVAILABLE 
WITH  COMPARABLE 
SPECIFICATIONS 


MODEL 

NO. 

D.C. 

VOLTS 

OUTPUT 

AMPS 

MTR060-1 

0-60 

1 

MTR060-5 

0-60 

5 

MTR636-15 

6-36 

15 

MTR636-30 

6-36 

30 

MTR28-2 

24-32 

2 

MTR28-10 

24-32 

10 

MTR28-30 

24-32 

30 

PERKIN  ENGINEERING  CORPORATION 

3AS  KANSAS  STREET,  EL  8EOUNDO,  CALIFORNIA  •  OREGON  8-T215 
Nr  m44Wmtt  infarmatlMi  cwiterl  tactary  an 
N*«  EnglanU  Ar««  OH!«;  4R  Ainatburv,  lowranca,  M«tia<li«Mtl>  •  MUrderk  3-3252 


oHicat  In  princiaal  ciliat  lliravfkawl  IN  caanlry. 


SFKinCATIONS  ON  MTIZt  lOO 


AC  HdEVT.  30a/aM  OR  440  V.  ±  10% 


3  PHASE.  40  Cn 


D.C  OUTPUT!  34-33  V  #  100  A 
■ECUIATION, 

STATIC.  ±0.1%  IINE,  ±0.1%  lOAD 
DTI4AMIC.  ±0.1%  lINEi  ±t  V.  lOAD 
RIPPtE.  20  MV  RMS  MAX. 

DYNAMIC 

IMPEDANCE.  0.03S  OHMS  MAX. 

RESPONSE 

TIME.  I  MIlllSECOP*  MAX. 


Design  better  products  with 


Sim^RTV 


. . .  seals  and  cushions  delicate  circuits 


High  impedance  circuits  in  Northrop's  Snatic 
missile  are  coated  with  Silastic  RTV  for  pro* 
tection  against  moisture  and  vibration  at 
temperature  extremes.  Silastic  RTV  is  easy  to 
apply  .  .  .  vulcanizes  at  room  temperature. 

TYPICAL  PROPERTIES  OF  SILASTIC  RTV 

Temperature  range,  *C  .  .  —70  to  260C 

Dielectric  strength,  wits/mil  .  .  300  to  500 

Surface  resistivity  at  50% 

Relative  humidity,  ohms  .  .  2.8  x  10*^ 

Dielectric  constant, 

10*  cycles  per  second . 2.5 

Dissipation  factor, 

10*  cycles  per  second  ....  0.003 


Sensitive  electronic  components  are  sealed  aisrainst  moisture 
and  cushioned  against  vibration  with  a  coating  of  Silastic* 
RTV,  the  Dow  Corning  silicone  rubber.  Silastic  RTV  forms 
a  rubbery  silicone  solid  in  24  hours  at  room  temperature. 
Stays  resilient  from  —70  to  260  C.  This  “do-it-yourself” 
material  is  used  for  a  wide  range  of  encapsulating,  potting 
and  caulking  applications.  Write  for  free  sample  and  com* 
plete  information. 


If  you  consider  ALL  the  properties  of  a  silicone  rubber, 

you'll  specify  SILASTIC. 

*T.M  nEO.u.».nAT.orx. 


Domr  Oorning  corporation 

MIDLAND.  MICHIOAN 
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Dow  Corning  Silicone  Dielectrics 


#LICONE-GLASS  LAMINATES 
INCREASE  LIFE  AND  DEPENDABILITY 


Laminates  made  by  bonding  glass  cloth  with 
Dow  Corning  silicone  resins  have  high  arc 
resistance,  low  loss  factor,  low  moisture 
absorption,  excellent  retention  of  dielectric 
properties  at  high  temperatures.  Strong, 
lightweight — produced  by  leading  laminators. 

CIRCLI  104  READERS  SERVICE  CARD 


$tro<nb«r9-Corlton  l•t•phon«  (witch  InMtlotor 


#LIC0NE 

FLUIDS 

PROTECT 

ASSEMBLIES 

FROM 

MOISTURE 


Southw«(t«m  Irxluttrial  EI«ctronic(  (•iimoDropht 


A  protective  film  of  Dow  Com* 
ing  200  Fluid  spray  coated 
on  electronic  assemblies  pro¬ 
tects  terminals,  clips,  switches 
and  other  exposed  connections 
from  the  harmful  effects  of 
condensation.  Glass  and  cer¬ 
amic  insulators  coated  with 
silicone  fluid  have  low  current 
leakage  and  a  high  degree  of 
surface  resistivity,  even  under 
very  humid  conditions. 

CIRCLE  10S  READERS  SERVICE  CARD 


ILICONE  COMPOUND  PREVENTS 
ARCS,  GROUNDS,  SHORTS 

Nonmelting,  nongumming  Dow  Corning  3 
Compound  stays  in  place  .  .  .  provides  an 
effective,  moisture-proof  dielectric  seal  for 
all  types  of  electronic  equipment.  As  a  pot¬ 
ting  or  filling  material  for  electronic  com¬ 
ponents  and  assemblies,  silicone  compounds 
flow  into  place  with  gentle  pressure  . . .  have 
a  serviceable  temperature  range  of  —40  to 
205  C.  Free  sample  avaiTable. 

CIRCLE  104  READERS  SERVICE  CARD 


AN  Connactor  Tarminols,  Novy  Halicoplaf 


For  further  information  on  these  products  write. Dept.  4812 
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quirics  is  a\ailable  right  now. 

Kcnichiro  Koinai,  Hitachi’s  man¬ 
aging  director,  said  Japanese  pro¬ 
duction  facilities  are  now  big 
enough  to  meet  such  huge  orders. 

Transistor  output  in  Japan  passed 
the  B-million-a-month  mark  in  Oc¬ 
tober,  with  some  sources  predicting 
a  35-million  total  for  the  year. 

The  Ministry  of  International 
Trade  and  Industry’s  five-vear 
electronics  expansion  program  calls 
for  70  million  units  a  vear  bv  1962. 
Howes'er,  last  month  a  sp>okesman 
for  the  Japan  Electronics  Industrv 
Association  said  that,  in  reality, 
production  “will  be  hitting  a  couple 
of  hundred  million  by  then.”  State¬ 
ment  w'as  made  before  inquiries 
from  U.S.  firms  were  disclosed. 

About  95  jjercent  of  current  pro¬ 
duction  goes  into  transistor  radios. 
Japanese  transistor  radio  experts  to 
the  U.  S.  this  vear  will  reach  an  es¬ 
timated  SI  5  million,  five  times 
more  than  last  year. 

It’s  understood  that  transistor 
radio  production  last  month  hit 
500,000  units,  while  that  many 
were  being  exported  to  the  U.S. 
and  others.  Or  these,  300,000  are 
being  turned  out  by  the  same  firms 
that  make  transistors — Toshiba, 
Nihon  Electric,  Sony,  Hitachi, 
Kobe  Industrial  and  Matshishita. 


Magnetic  Rod  May 
Speed  Computers 


Inserting  magnetic  rod  elements  into 
memory  assembly.  Chalkboard  drawing 
shows  rod  design 


Tiny  magnetic  de\ice  which 
switches  current  at  a  spx:ed  of  4 
millimicroseconds  and  can  also 
serve  as  a  storage  element  was  re- 


WASHINGTON  OUTLOOK 

Military  electronics  producers  may  encounter  Federal  action  to 
push  up  the  industry’s  minimum  wage  rate. 

Certain  aircraft  manufacturers  and  two  major  labor  unions  in  the 
industry  have  urged  the  Labor  Dept,  to  include  electronics  firms 
making  missiles  in  a  proposed  Walsh-Healcy  Act  survey  of  aircraft 
manufacturing. 

Under  the  Walsh-Healey  Act,  the  Secy,  of  Labor  is  authorized  to 
set  legal  minimum  wage  rates  for  government  contractors  based  on 
prevailing  wages  in  the  industry.  Current  official  rate  for  aircraft 
manufacturing,  established  eight  years  ago,  is  $1.05  an  hour. 

The  Inti.  Assn,  of  Machinists  and  the  United  Auto  Workers— the 
two  major  unions  in  the  aircraft  industry— claim  that  a  survey  of  the 
industry  w^ould  show  a  presailing  minimum  of  roughly  $1.90.  An 
unofficial  estimate  of  electronics’  prevailing  minimum  hourly  wage  is 
about  $1.60. 

As  of  now,  the  electronics  industry— including  missile  production— is  j 
not  formally  covered  by  a  Walsh-Healey  wage  determination.  ^ 

The  Aircraft  Industries  Assn,  and  the  two  unions  propxisc  that  the 
Walsh-Healey  definition  of  the  aircraft  industry  be  expanded  to  cover 
missiles  and  completed  end-product  electronic  systems  incorporated 
in  missiles.  i 

'Lhe  Electronics  Industries  Assn,  objects  to  this  propxisal.  ElA  says 
the  aircraft  industry  definition  should  stand  as  is,  and  that  a  separate 
missile  industry  be  defined  or  be  included  with  electronics. 

The  Labor  Dept,  has  proposed  a  new  definition  as  a  compromise 
between  the  two  positions.  This  would  lump  the  assembly  and  manu¬ 
facture  of  missiles  in  with  aircraft,  but  would  exclude  the  manufacture  I 
of  electronic  missile  subsystems.  i 

•  'The  Defense  Dept,  budget  for  fiscal  1960,  now  being  prepared 
is  expjected  to  show  research  and  development  expenditures  of 
well  over  $6  billion,  compjared  to  this  year’s  $2.3  billion.  But  | 
this  won’t  mean  R&D  spending  is  being  trebled.  i 

Next  year,  for  the  first  time.  Pentagon  budget  officials  plan 
to  include  in  the  R&D  budget  breakdown  costs  for  prototype 
fabrication  and  testing  and  evaluation  of  new  weapens— expenses 
which  up  to  now  have  been  classified  as  “procurement  and  pro¬ 
duction.”  Such  expenditures  now  run  to  almost  $4  billion  a  year. 

The  Pentagon  has  long  been  the  target  for  criticism  that  the 
military  services  do  not  suppxirt  enough  research  and  dcvclop>- 
ment.  Military  officials  have  argued,  in  defense,  that  the  mili¬ 
tary  R&D  budget  fails  to  tell  the  full  story  of  military  support 
for  scientific  effort.  So  the  budget  layout  is  being  revamped 
to  include  under  R&D  expenditures  everything  related  to  wcapjon 
development. 
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Puzzled  by  ground 


fdofi  problems?  How  to  rescue 
microvolt  signals 
from  volts  of  noise? 


HERE’S  WHY  KIN  TEL'S  DIFFERENTIAL 


DC  AMPLIFIERS  FIT  IN  INSTRUMENTATION  SYSTEMS 


K.iN  TEL  1 14A 
differential  EXT  amplifiers 
...convenient,  interchange¬ 
able  plug-in  mounting  in 
either  6-amplifier  19'  rack 
mount  modules  or  single¬ 
amplifier  cabinets. 


5725  Kearny  Villa  Road,  San  Diego  II,  Calif. 

Phone:  BRowning  7-6700 
Representatives  in  all  major  cities 


160  db  DC,  120  db  60  cycle  common  mode  rejection  with  balanced  or 
unbalanced  input  ■  Input  completely  isolated  from  output  ■  Input  and 
output  differential  and  floating  ■  5  microvolt  stabUity  for  thousands  of 
hours  ■  .05%  linearity,  0.1%  gain  stability  ■  Gain  of  10  to  1000  in 
five  steps  ■  >5  megohms  input,  <2  ohms  output  impedance  ■  120 
cycle  bandwidth  ■  Integral  power  supply 

These  are  just  a  few  of  the  many  outstanding  features  of  the  Model 
1 14A  differential  DC  amplifier . . .  features  that  make  this  amplifier 
really  work  in  instrumentation  systems... features  that  will  help  solve 
your  instrumentation  problems  today. 


Ideal  for  thermocouple  amplification,  the  1 14A  eliminates  ground  loop 
problems;  allows  the  use  of  a  common  transducer  power  supply;  per¬ 
mits  longer  cable  runs;  drives  grounded,  ungrounded  or  balanced  loads, 
and  can  be  used  inverting  or  non-inverting. 


For  additional  information  and  technical  literature  on  this  exceptional 
instrument,  write  or  call  kin  tel  -  the  world’s  largest  manufacturer  of 
precision,  chopper-stabilized  DC  instruments. 


m  I  iM  tit  j 
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Automatic  control  unit  positions  milling-machine  table 


Control  System  Learns  Jobs 


MILITARY  ELECTRONICS 


•  Navy  is  studying  feasibility  of 
scaling  up  findings  from  small 
research  rrx;ket  flights  to  predic¬ 
tions  for  the  Polaris  IRBM.  'lire 
program  calls  for  three  research 
rockets,  deseloped  by  Atlantic  Re¬ 
search  Corp. 

Arcon,  sponsored  by  BuOrd  and 
the  Naval  Research  Laboratory, 
will  carry  a  40-lb  instrument  pay- 
load  to  an  altitude  of  70  mi,  or 
a  10-lb  payload  to  100  mi.  Areas, 
sponsored  by  the  Office  of  Naval 
Research,  will  carrs-  1 2  lbs  to  nearly 
40  mi.  TTiird  rocket.  Iris,  scheduled 
for  completion  early  in  1959,  is 
designed  to  carry  a  100-lb  instru¬ 
ment  package  200  mi.  The  three 
rockets  combined  could  take  a 
!  payload  of  instruments  up  1,000 


miles  or  perhaps  even  higher. 

Electronic  gear  at  present  is 
cither  fabricated  in  the  naval  labs 
or  else  bought  by  Nasy  from  out¬ 
side  industry.  Atlantic  Research 
does  much  of  the  installation. 
Na\y  may  conceixably  decide  later 
to  give  the  entire  responsibility 
to  one  firm.  Total  business  to 
date  represents  well  o\er  SI  million. 

•  Army  hopes  to  fire  a  fi\c-ton 
satellite  to  a  fixed  position.  22,000 
mi  above  the  earth,  by  late  1960, 
according  to  Roy  W.  Johnson,  di¬ 
rector  of  the  Ads’anced  Research 
Projects  Agency.  Satellite  equip¬ 
ment  will  probiiblv  include  a  tele¬ 
vision  camera. 


ccntly  announced  bv  the  National 
Cash  Register  Co. 

TTie  desice  is  a  glass  rod  about 
15  thousandths  inch  in  diameter 
with  a  magnetic  coating  and  tiny 
windings  of  wire  around  it.  NCR 
research  vice  president  Robert  G. 
Chollar  describes  it  as  “one  of  the 
most  significant  recent  advances  in 
digital  computer  technology.” 

Chollar  said  that  thousands  of 
rods  could  be  linked  within  a  small 
spiacc  to  sohe  commercial  data 
processing  or  space-\ehiclc  prob¬ 
lems  with  “unprecedented  spt'ed.” 
Rod  element,  he  said,  can  be  used 
both  in  word-ordered  and  coinci¬ 
dent  current  memory  circuits. 

NCR  says  the  rod  will  have  these 
implications  for  the  space  age:  It 
will  fiermit  missile  or  satellite  navi¬ 
gation  with  smaller  pxiw'er  sources; 
increase  the  useful  range  of  these 
vehicles;  and  increase  dependability 
of  vehicles  in  high  temperatures. 

Firm  asserts  that  use  of  the  rod 
as  both  logical  switch  and  storage 
element  will  reduce  the  number  of 
semiconductors  needed  in  a  com¬ 
puter,  with  all  switching  being  done 
by  the  rods.  It  says  a  rod  network 
the  size  of  a  cigarette  package  could 
store  8,000  bits  of  information. 

Only  20  thousandths  watt  is  re¬ 
quired  to  store  an  information  “bit” 
on  one  rod.  and  5,000  rods  could 
operate  on  the  energy'  used  to  light 
a  100-watt  bulb. 

Other  details  disclosed  bv  NCR: 

•  Rod  has  operated  in  the  labor¬ 
atory  on  the  coincident  current 
mode  from  — 100  C  to  -f  200  C;  in 
word-ordered  mode  this  range  can 
be  extended  upward. 

•  Device  has  been  switched  con¬ 
tinuously  at  5-mc  repetition  rate 
without  adverse  heating  effc-cts. 

•  llvstvresis  loop  on  unit’s  mag¬ 
netic  coating  is  square,  showing 
ratios  of  better  than  0.95. 

•  It’s  possible  to  wind  10  bit- 
pKisitions  per  linear  inch  along  the 
rod ,  without  mutual  interference. 
Fine  wire  windings  arc  placed  on 
the  rod  like  a  solenoid,  with  suc- 
ccsise  windings  superimposed.  Pres¬ 
ent  packing  density  is  1,000  bits 
per  cu  in. 

The  company  is  investigating 
such  applications  as:  high-speed 
memory  with  one  microsecond 
cs’clc  time;  shift  registers  and 
counters  in  the  2  to  5-mc  range. 


W’est  Coasi  electronics  experts 
saw  a  device  this  month  that  pro 
duced  a  complicated  cam  in  1 8 
minutes.  Normal  production  time 
for  this  part  is  17  hours. 

The  new  unit,  called  the  Micro- 
Path  control  system,  was  dcsclopcd 
bv  Topp  Industries,  Los  Angeles. 


Firm  predicts  that  it  will  speed  the 
realization  of  the  completely  auto¬ 
matic  factory  by  ten  years. 

System  incorporates  a  high-speed 
memory  and  electronic  network 
that  effects  responses  accurate  to 
0.002  in.  Proposed  applications  of 
the  Micro-Path  arc  for  machine 
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IN  GUIDED  MISSILES 


Iliighn  now  makes  commercially  available  a  completely  reliable  single 
action  switch.  Used  in  the  Falcon,  field  proven  as  a  reliable  missile,  this 
Hughes  relay  is  engineered  to  meet  the  most  exacting  of  requirements. 

With  unusual  speed  of  action,  firing  signal  triggers  the  release  of  constrained 
contact ...  contact  closes  upon  fixed  contact  point... switch  circuit  becomes 
permanently  closed. 

In  a  typical  application,  3.0  volts  DC  applied  to  a  firing  circuit  of  1.2 
ohms  fires  within  0.3  seconds. 

For  additional  information  pUau  urrito:  Hugha  Products,  Marketing 
Department,  International  Airport  Station,  Los  Angeles  45,  CaUfomia. 


SPECIFICATIONS 

MECHANICAL— Body  Sirs;  Maximum  diamatar  0.252*;  langth  .920*. 
Total  weight:  Lata  than  0.1  or. 

ELECTRICAL— Bofora  Hriwg:  Insulation  rasistanca  is  graatar  than 
200  magphms.  Minimum  braakdown  voitaga  600  volts. 

FMag:  2  volts  minimum  raquirad.  Actual  voitaga  dapan- 
dant  upon  closing  tima  dasirad. 

After  nrtag :  Circuit  rasistanca  lass  than  04  ohm. 
ALTITUDE -Any. 

OPERATING  TEMPERATURE:  -S5*C  to  +125*& 


Creating  a  new  world  with  ELECTRONICS  PRODUCTS 


O  19M,  Hufiws  AkcraN  Company 
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tools  including  lathes,  milling  ma¬ 
chines,  drills  and  routers.  Other 
possibilities  exist  in  transfer  equi{>- 
ment  and  other  moving  areas  of 
large  factor*’  operations. 

To  “teach”  the  machine,  a  ma¬ 
chinist  guides  it  otKe  through  its 
operation  cycle,  while  its  move¬ 
ments  are  recorded  on  magnetic 
tape.  The  tape  is  then  used  to 
guide  the  machine  for  repeat 
operations.  This  eliminates  the 
computation  of  coordinates  and  in¬ 
crements  of  ehange,  uses  the  ma¬ 
chinist’s  skills  instead  of  the  pro¬ 
grammer’s. 

Retailers  Seek 
Electronic  Aid 

Last  week  a  call  went  out  for  low 
cost  electronic  equipment  to  meet 
department  store  needs. 

Ethel  Langtry,  director  of  the 
National  Retail  Merchants  Associ¬ 
ation’s  Retail  Research  Institute 
and  a  member  of  NRMA’s  Elec¬ 
tronics  Cmnmittee,  said  the  associ¬ 
ation  wants  to  hear  from  electronics 
manufacturers  interested  in  retailer 
equipment  problems. 

\lore  than  2,000  stores  have  an¬ 
nual  sales  exceeding  SI  million. 
Miss  Langtr\’  said,  jxiinting  out 
they  constitute  a  jjotentiallv  big 
market  for  the  electronic  industry. 
To  date  these  stores  have  pur¬ 
chased  little  electronic  equipment 
to  meet  their  data-recording  and 
processing  needs. 

Keenness  of  comjxrtition,  rising 
labor  costs,  spreading  branch  opera¬ 
tions  and  increasing  complexity  of 
credit  operations  have  made  equip 
ment  for  reducing  operating  costs 
a  major  issue  with  storekeepers. 

Purpose  of  the  Electronics  Com¬ 
mittee  is  to  develop  specifications 
for  equipment.  Framework  is  a 
monthly  meeting  at  which  equip¬ 
ment  makers  are  questioned  about 
their  products  by  retailers,  and 
retailers  inform  manufacturers 
about  equipment  aims,  problems 
and  successes. 

Strongest  store  interest  is  in 
equipment  for  processing  accounts 
receivable  and  auditing  sales.  Many 
stores  rep>ort  interest  in  equipment 
for  merchandise  control;  others  are 
interested  in  stock  control  and  de¬ 
partment  statements. 


FINANCIAL  ROUNDUP 


•  Topp  Industries  of  Los  An¬ 
geles  plans  to  acquire  U.  S.  Semi¬ 
conductor  Products  of  Phoenix, 
Ariz.,  and  its  affiliate,  U.  S.  Elec¬ 
tronics  Developnient  Corp.  Topp 
has  been  active  in  the  manufacture 
of  automatic  devices  for  the  mis¬ 
sile  and  aircraft  industries.  The 
two  firms  it  will  acquire  manu¬ 
facture  diodes  and  other  semi¬ 
conductor  des’ices,  tantalum  capac¬ 
itors  and  silicon  materials  for 
infrared  applications.  Products 
manufacture  by  the  firms  to  be 
acquired  lend  themselves  to  minia¬ 
turization,  particularly  in  industry 
and  space  technologv’.  Proposal  for 
exchange  of  stock  of  I'opp  and 
U.  S.  Semiconductor  is  being  pre¬ 
pared  for  submission  to  stock¬ 
holders. 

•  Narda  Ultrasonics,  M  incola. 
Long  Island,  N,  Y.,  files  registra¬ 
tion  statement  with  SEC  for  100- 
000  shares  of  common  stock.  Sixty 
thousand  shares  arc  to  be  offered  for 
public  sale  by  firm’s  controlling 
stockholder,  Narda  Microwave 


Corp.  Additional  40,000  shares 
represent  purchases  of  5,000  shares 
bv  each  of  eight  firms  in  the  undcr- 
w’riting  group  from  officers  of  the 
company  at  S3  each.  These  40,000 
shares  will  be  held  by  purchasers 
and  will  not  be  offered  for  sale  at 
this  time.  Milton  D.  Blauner  and 
Micheal  G.  Kletz  of  New  York 
will  head  the  underwriting  group. 
Narda  Ultrasonics,  organized  a  year 
ago,  is  engaged  in  mass  production 
of  low-cost  ultrasonic  cleaners. 

•  Scientific-Atlanta  offers  its 
common  stockholders  rights  to 
subscribe  to  6,500  additional  shares 
of  common  stock  at  $5  per  share. 
One  new  share  can  be  purchased 
for  each  20  held.  Firm  makes 
electronic  test  equipment  and  plas¬ 
tic  comjxrncnts.  No  underwriting 
is  involved. 

•  I'hompson  Products  name  is 
changed  to  ’Thompson  Ramo 
Wooldridge  as  merger  of  Ramo- 
Wooldridgc  Corp.  into  Thompson 
Products  goes  into  effect. 


High-frequency  horn  antenna  under  construction  for  Army  Signal  Corps 


Army  To  Test  Giant  Antenna 


Army  Signal  Corps  will  test  a  new 
antenna  technique  to  try  for  higher 
directivity  in  its  strategic  short¬ 
wave  communications. 

Signal  Corps  contractor  Develop¬ 
mental  Engineering  Corps.,  Lees¬ 


burg,  Va.,  is  now  building  a  giant 
tapcrcd-apcrturc  horn  at  La  Plata, 
Md.,  to  check  out  the  idea  that 
such  horns  can  be  as  efficient  in  the 
short-wave  spectrum  as  they  are  in 

(Continued  on  p  20) 
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ANNOUNCING 


jft^«pons€  to 

the  manq  requests 

for  a  name  indicative 

of  the  industry’s  fastest  qrow/ing 

microwave  company, 

F-R  Machine  Works,  Inc. 
will  be  known 
as  FXR,  Inc. 

This  new  name,  our  trademark,  continues 

to  symbolize  the  exceptional  blend 

of  engineering  and  craftsmanship 

that  has  established 

FXR  as  the  leader 

in  microwave  equipment 

and  high-power 

modulators. 


Contact  our  local 
sales  representative 
in  your  area 
for  details 


Important 

Change 


FXR,  Inc. 


formarly  F-R  MACHINE  WORKS,  liK. 


DESIGN  •  D  EVE  LOPM  E  NT  •  M  A  N  U  FACTU  R  E 


26-12  BOROUGH  PLACE,  WOODSIDE  77,  N.  Y 

TEIEPHONE:  AStorio  8-2800 


PRECISION 

microwave 

EQUIPMENT 


HIGH  POWER 
MODULATORS 


RADAR 

COMPONENTS 


ELECTRONIC 

TEST 

EQUIPMENT 


i 


■  » 


( 


r  X  R,  Inc. 


feriMrly  F-R  MACHINE  WORKS,  Inc 


TEIERHONE;  ASterio  8-2800 


UNIVERSAL  MICROWAVE 
POWER  SUPPLY,  817 

Hclii  or  Boam:  0  to  1800  V,  125  ma  max 
1700  to  3500  V.  100  ma  or  250  W  max. 
Collactor;  0  to  300  V,  100  ma  max 
Anoda:  0  to  600  V,  60  ma  max. 

G-1:  0  to  300  V,  5  ma  max. 

G-2  or  Refloctor;  0  to  ±1200,  1  ma  max 
G-3:  0  to  ±750.  1  ma  max. 

G-4:  0  to  ±500.  1  ma  max 
Roculation:  0.03%.  Ripple;  3  mv  max. 
Haator  0  to  15  V  O.C..  Regulated 
Internal  G-1  or  G-2  Modulation:  Sine  Wave 
Square  Wave.  Pulse,  Sawtooth 


KLYSTRON 

POWER  SUPPLY,  819 

Beam:  300  to  1000  V.  85  ma  max. 
Reflector;  0  to  900  V.  20  tf.a  max 
Control  Grid:  —300  to  0  to  -150  V. 

5  ma  max 
Regulation:  1% 

Ripple:  7  mv  max 

Internal  Reflector  Modulation: 

Square  Wave.  Pulse.  Sawtooth 


PRECISION 

microwave 

EQUIPMENT 


HIGH  POWER 
MODULATORS 


RADAR 

COMPONENTS 


ELECTRONIC 

TEST 

EQUIPMENT 


ANALYZER,  701 


MICROWAVE 

INSTRUMENTATION 

Coming  Soon  .  .  . 

New  printed  circuit  Standing  Wove  Amplifier. 
BROADBAND  SPECTRUM 


SIGNAL  SOURCES,  771,  772 


UNIVERSAL  KLYSTRON 
POWER  SUPPLY,  815 

Beam;  200  to  2000  V,  125  ma  max  . 
1800  to  3600  V.  100  ma  or  250 
W  max. 

Reflector;  0  to  1000  V 

Control  Grid:  —300  to  0  to  i-150  V. 

5  ma  max. 

Regulation:  0.03% 

Ripple:  3  mv  max. 

Internal  Reflector  Modulation; 

Square  Wave.  Pulse.  Sawtooth. 
Sine  Wave 


Type  L701A:  950  to  2000  Mc/s  (Fund.) 
Type  S701A;  1900  to  4000  Mc/s 
(Fund.) 

Harmonic  Operation:  to  16,000  Mc/s 
Swept  IF:  7  Kc  and  50  Kc 
Sweep  Width:  50  Me 
RF  Attenuator:  100  db  Range 
Video  Markers 


Type  L771B;  950  to  200C>  Mc/s 
Type  S771B;  1900  to  40CO  Mc/s 
Type  C772A:  3950  to  8200  Mc/s 
Type  X772A:  7000  to  lipOO  Mc/s 
Output  Power:  50  mw  (average) 

Direct  Reading  Freciuency  Dial:  1% 
Internal  Modulation;  Pulsed,  Square 

Wave.  C.W. 

Integral  RF  Level  Set  Attenuator 


(COMBINED  RATIO  METER  AND 
STANDING  WAVE  AMPLIFIER) 

RATIO  METER— 1000  cps  operation 

VSWR  Ranges:  1.02  to  1.22.  1.20  to  co 

Reflection  Coefficient:  .01  to  .1,  .1  to  1.0 

Other  Scales;  db.  Slotted  Line  VSWR 

Standing  Wave  Amplifier— 1000  cps  operation 

Range:  70  db  in  10  db  steps 

Noise  Level;  .03  mv 

Scales;  VSWR.  db.  Expanded  VSWR 

Bolometer  Bias;  4  5  and  8.75  ma 

Input  Impedance;  200  ohms  or  200  K  ohms 


UNIVERSAL  RATIOMETER,  811 


j  , 
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your 


two 

best 

friends . . . 

“the  man  ahead" 
and 

“the  man  behind" 


That  man  just  ahead  of  you  hopes  you’ll  take  his  job  away 
from  him.  He’s  plain  selfish  about  it  .  .  .  that  way  you  push 
him  up  the  ladder,  too. 

The  fellow  right  behind  you,  what  about  him?  He's  another 
good  friend.  Just  help  make  him  more  capable  of  capturing  your 
present  spot  .  .  .  see,  now  he's  pushing  you! 

How  can  you  serve  yourself  better  than  you  ever  have  before? 
By  upgrading  your  own  job  performance.  By  learning  all  you 
can  about  other  functions  -of  your  company's  business.  By  put¬ 
ting  today's  problems  together  with  tomorrow's  promises  .  .  . 
and  becoming  more  and  more  knowing  about  both,  right  here 
in  the  high-utility  pages  of  this  one  specialized  publication. 

This,  don't  ever  forget,  is  your  own  magazine  —  for  you  and 
men  like  yourself  to  work  things  out  together  —  to  find  new  and 
better  ways  to  make  progress  and  profits.  McGraw-Hill  editors, 
who  live  on  your  street,  unceasingly  strive  to  make  it  the  single 
greatest  community  of  interest  for  your  industry.  And  the  more 
effort  they  put  into  it,  the  easier  it  is  for  you  to  get  more  out  of 
it  for  every  reading  minute  invested. 

Look  ahead,  read  ahead,  get  ahead.  Live  this  secret.  Share 
it.  After  you've  read  this  issue  so  satisfyingly,  hand  it  over  to 
that  man  one  step  below.  Show  him  how  much  there’s  in  it  for 
him.  too.  A  few  issues  from  now,  we'll  bet  he  looks  you  in  the 
eye  and  says.  "Thanks,  friend.  1  just  got  my  own  subscription.” 


McGRAW-HILL  SPECIALIZED  PUBLICATIONS 

The  most  interesting  reading  for  the  man 

most  interested  in  moving  ahead 


the  microwave  range. 

System  now  under  construction 
was  developed  by  the  Signal  R&D 
Labs  at  Fort  Monmouth,  N.  }., 
from  a  concept  that  Bell  Telephone 
Labs  had  toyed  with  earlier.  It  will 
be  used  for  Army’s  strategic  long- 
range  communications  networks. 
Chief  advantage  of  the  highly  di¬ 
rectional  antenna  is  its  lessened 
susceptibility  to  interference  and 
jamming. 

Requirements  imposed  by  .\rmy 
needs  were  high  directivity  and 
broad  bandpass.  DF.Co  and  Army 
spokesmen  say  the  giant  horn  will 
have  the  beamwidth  and  band¬ 
width  of  an  RD-4  rhombic — about 
10-deg  beam  and  overall  useful 
range  of  from  5  to  2?  me — but 
without  the  rhombic  sidelobes. 
Sidelobes  are  down  20  db  or  more 
from  the  mainbeam  maximum. 

The  horn  is  844  ft  long,  some 
50  ft  longer  than  the  liner  He  de 
France.  The  waveguide  feeding  it 
is  40  ft  wide  and  80  ft  high;  the 
horn,  fabricated  as  a  curtain  re¬ 
flector,  is  twisted  45  deg  and  ter¬ 
minates  in  a  rhombic  mouth  506 
ft  wide  and  255  ft  high.  Antenna, 
supporting  structure  and  guy  wires 
spnead  out  over  an  area  of  16.8 
acres,  with  the  antenna  alone  cov¬ 
ering  6.9  acres.  TTie  size  of  the 
horn.  Army  spokesmen  point  out, 
is  dictated  by  the  need  for  high 
directivity. 

The  diamond-shapjcd  aprerture  is 
truncated  by  the  earth,  mostly  to 
ease  problems  of  support  and  with¬ 
out  materially  affecting  the  horn’s 
electrical  characteristics. 

F-field  intensity  at  the  mouth 
of  the  horn  is  at  maximum  in  the 
center,  taprers  smoothly  to  zero  at 
the  comers.  The  antenna  now 
abuilding  at  La  Plata  is  a  receiving 
antenna;  additional  engineering  re¬ 
quired  to  adapt  it  for  transmitting 
is  minor,  say  Army  Signal  engineers. 

Antenna  reflecting  surfaces  are 
wire-grid  panels  of  No.  8  Coppor- 
weld  wire.  Spocially  designed 
wire-to-wire  connectors  are  used 
for  electrical  and  mechanical  bond¬ 
ing  at  all  intersections  of  lateral 
and  longitudinal  wires.  The  re¬ 
flecting  structure  is  supported  by 
1 8  steel  towers  of  graduated  height. 

Electronics  learned  that  the 
cost  of  the  antenna  system  is  upv 
wards  of  $500,000,  not  counting 


the  development  and  engineering 
costs.  Checkout  of  the  system  as 
pjart  of  Army’s  strategic  communi¬ 
cations  link  will  begin  in  the  early 
Spring. 

System  Monitors 
Tv  Programming 

Tr.vnsistorized,  automatic  moni¬ 
toring  system  for  ts  programs  is 
being  introduced  this  month  to 
trade  associations,  advertising  agen¬ 
cies  and  government  bureaus. 

The  system  takes  35-mm  spxit 
photos  of  the  h'  picture.  At  the 
same  time  it  records  the  audio  pxrr- 
tion  of  the  broadcast  on  magnetic 
tapx;  and  inserts  the  date  and  time 
in  code.  Normal  recording  spxrcd 
is  one  picture  e\ery  three  seconds, 
but  time  spian  can  be  varied  to 
px;rmit  taking  a  maximum  of  10 
pictures  a  second. 

The  unit  is  designed  for  use  by 
monitor  opicrators  who  need  only 
unload  the  recorded  information  at 
intcrs’als  and  mail  it  to  New  York 
headquarters  for  processing. 

Actual  recording  of  the  photo¬ 
graph  is  done  by  a  combination  of 
electronic  and  optical  equipment 
housed  in  a  spxxially  designed  re¬ 
ceiver.  System  designers.  U.  S. 
Broadcast  Checking  Corp.,  New 
York,  will  op)eratc  the  checking  de¬ 
vices  on  a  service  basis.  ITicy  will 
be  used  to  supply  authenticated 
records  of  what  commercials  arc 
being  run  in  hard-to-check  remote 
areas  as  well  as  urban  regions.  Firm 
now  has  studios  and  laboratories  in 
New’  York,  plans  to  establish  a  net¬ 
work  of  checking  stations  through¬ 
out  the  nation. 


Automatic  Feed 


Tiny  diode  capsule  pxirts  are  fed  by 
vibrators  to  oxy-hydrogen  rotary  sealing 
machine  in  Sylvania  plant 


MEETINGS  AHEAD 


Dec.  5-5:  Global  Comniiinications, 
AIKE.  PGCS  of  IRE.  Colonial  Inn- 
Desert  Ranch,  St.  Petersburg,  Ela. 

Dec.  5-5:  Eastern  Joint  Computer 
Conf.,  AIEE,  ACM,  IRE,  Bellevue 
Stratford  Hotel,  Philadelphia. 

Dec.  4-5:  V'chicular  Communications, 
.\nnual  Meeting,  PGVC  of  IRE, 
Hotel  Sherman,  Chicago. 

Dec.  9-11:  Mid-,\merica  Electronics 
Convention,  M.\ECON,  .Municipal 
Auditorium,  Kansas  City,  Mo. 

Jan.  12-14:  Reliability  and  Quality 
Control,  Nat.  Symp.,  PCEQC  of 
IRE,  .\SQC,  EI.\,  Bellcvuc-Stratford 
Hotel,  Philadelphia. 

Jan.  21-25:  Southwest  Electronic  Ex¬ 
hibit,  Arizona  State  Fairgrounds, 
Phoenix,  Ariz. 

Jan.  29-50:  I>ong-Distance  Transmission 
by  W'aveguides,  Institution  of  Elec¬ 
trical  Engineers.  London,  England. 

Feb.  1-6:  .\merican  Institute  of  Elec¬ 
trical  Engineers.  W  inter  General 
Meeting,  Staticr  Hotel,  N.Y.C. 

Feb.  12-15:  Transistor  Sc  Solid-State 
Circuit  Conf.,  AIEE.  P('.CI  of 
IRE,  Univ.  of  Penn.,  Philadelphia. 

Feb.  12-15:  Electronic  Conference, 
AIEE,  IRE.  IS.V  CPS,  Eng.  Soc. 
Bldg.,  Cleveland. 

Mar,  5-5:  Western  Joint  C-omputer 
Conf.,  AIEE,  .\CM,  IRE,  Fairmont 
Hotel,  San  FraiKisco. 

Mar.  5-7:  Western  Space  .Vge  Conf. 
and  F'.xhibit,  L.  Chamber  of 
Commerce.  Great  W’estem  F'.xhibit 
Center,  Los  Angeles. 

Mar.  25-26:  Institute  of  Radio  Engi¬ 
neers,  IRE  National  Convention. 
Coliseum  Sc  W'aldorf-.\storia  Hotel, 
New  York  City. 

Mar.  26:  Quality  Control  Clinic,  AS- 
QC,  Univ.  of  Rochester,  N.  Y. 

Mar.  51-Apr.  2:  Millimeter  Waves, 
Svmposiuni.  Polytechnic  Inst,  of 
Brooklyn,  USAF,  ONR.  IRE,  USA 
Sigiul  Research,  F'.ngmeering  Soci¬ 
eties  Bldg.,  N.Y.C. 

Apr.  5-10:  Nuclear  Congress,  sponsored 
by  over  25  major  engineering  and 
scientific  societies.  Public  .\uditor- 
iiim,  Cleveland. 

Apr.  14-15:  Industrial  Instrumentation 
Sc  Control  Conf.  PCIE  of  IRE.  .\r- 
nioiir  Research  Foundation,  Illinois 
Inst,  of  Tech.,  Chicago. 
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Ampex  Digital  Tape  Handlers 

Compatible  and  a  speed  for  each  application 


DiGITAL-TAFE  - 
SYSTEM 
PERFORMANCE 


In  back  is  the  much  talked  of  Ampex  FR-300. 
its  30,000-  to  90,000-character-per-second  transfer 
rates  set  a  lively  pace  for  the  fastest  diratal  comput¬ 
ers.  But  these  speeds  must  be  brought  back  to  earth 
for  slower  peripneral  equipment.  The  Ampex  FR-400 
on  the  left  is  exactly  the  machine  for  this  job.  Tapes 
are  transferable  between  the  two  (and  also  meet 
widely  accepted  industiA'  standards). 

The  FR-400s  can  be  likened  to  the  entry  and  exit 
roads  feeding  traffic  to  a  super-speed  freeway.  To  put 
data  into  computer  format,  it  ser\es  in  such  conver¬ 
sions  as  analog-to-digital,  punched-tape-to-magnetic- 
tape,  and  cards-to-tape.  On  the  other  end,  the  FR-400 
/ews  printers  that  get  the  answers  back  in  writing. 
The  FR-400  is  also  used  for  input/output  for  slower 
computers,  but  that’s  another  story. 

WORKHORSE  QUALIFICATIONS 

Carrying  the  freeway  analogy  a  step  further, 
imagine  the  traffic  snarls  that  occur  when  exits  are 
blocked.  The  Ampex  FR-400  has  a  similar  responsi¬ 
bility  in  the  digital-data  flow.  It  has  been  designed 
with  tremendous  stamina.  It  stays  on  the  job. 

For  example,  the  FR-400’s  pinch-roller  assembly 
passed  a  1.3,000,000-cycle  start-stop  endurance  test 
in  our  laboratory.  Its  dedgn  is  the  same  as  on  the 
higher-speed  FR-300.  Also,  the  FR-400’s  torque 
motors  are  like  those  on  the  faster  FR-300.  And  the 
heads  are  typical  Ampex  quality,  made  to  take  thou¬ 
sands  of  hours  of  wear  without  serious  change. 

A  heavA'-duty  machine  needn’t  demand  heavy-duty 
people.  The  FR-400  has  quick,  easy  in-line  tape 
threading.  Local  controls  are  an  available  option, 
very  convenient  for  tape  change  and  equipment 
checkout.  'Then  remote  controls  can  take  over  —  even 
from  a  source  wired  in  from  1000  miles  away. 

COMPATIBILITY  OF  SPEEDS 

In  the  matter  of  speeds,  the  FR-400  is  like  a  power¬ 
line  transformer  that  steps  voltages  down  to  the  re¬ 
quired  levels  of  electrical  erjuipment.  Typical  tapes 
made  off  computer  by  Ampex  FR-300s  inNolve  trans¬ 
fer  rate  of  30,000  bits  per  second.  Tape  speed  is  1.50 
in/sec.  Suppose  a  particular  printer  operates  at  6000 
characters  per  second.  An  FR-400  with  30  in/sec 
tape  speed  cuts  transfer  rate  to  Vs  th  making  the  tape 
conmatible  with  the  printer’s  speed. 

This  can  be  carried  still  further  —  for  example,  to 
5  in/sec  tape  speed  and  a  1000  character-per-second 
transfer.  For  still  slower  devices  like  paper-tape 
punches  or  card  punches,  a  storage  buffer  is  us^. 
'The  magnetic-tajje  handler  operates  on  a  start-stop 
basis.  A  short  burp  fills  the  biiffer.  The  card  or  paper- 
tape  punch  trails  along  after. 

The  FR-400  is  ava^ble  in  a  wide  range  of  basic 
speed  pairs.  But  Ampex  also  provides  for  sharing  of 
tape  handlers  among  conversion  and  readout  devices 
of  widely  differing  transfer  rates.  For  this  the  FR-400 
is  available  in  4-speed  multirange  versions,  having 
bvo  independent  capstan  motors.  Thus  the  pairs  of 
speeds  may  be  very  widely  separated.  75,  37 Vi,  10 
and  5  inches  per  second  is  a  typical  example. 

May  we  send  specifications  and  descriptions  on 
Ampex’s  variotis  digital  tape  handlers  or  assist  in 
some  specific  application?  Write  Defxtrtment  t-21. 


AMf>KX  INSTRUMKNTATION  DIVISION 

Pbon«  your  Amp^i  data  tpociatist  for  portonal  attantfort  to  yOur  r«c 


.  .  .  pre-iemea  unaer  aauai  operating 
conditions  prior  to  shipment  .  .  .  seal 
up  to  1500  glass  diodes  per  hour 
without  an  operator.  Loading,  unloading 
and  pulse  forming  are  all  automatic. 
Designed  to  establish  new  standards  of 
efficiency  and  economy  tn  your  opera¬ 
tion,  this  machine  is  just  one  example 
of  the  full  line  of  fine  Kahle  equipment 
for  the  produBion  of  semiconductors. 


For  detailed  information,  write  to: 


■  NOINBBItINO  COMPANY 


Gbnbkal  OmcM: 

StH  Hudson  Amhh*.  Union  Cily,  N*m  Jorots 
LEADING  DESIGNERS  AND 
BUILDERS  OF  MACHINERY  FOR 
THE  ELECTRONIC  INDUSTRY 
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TIT’V^ 


Tung-Sol-developed  miniature  damper 


tubes  cut  costs  of  TV  manufacture! 

A^ew  6AF3  and  12AF3  permit  TV 
set-makers  to  profit  more  fully  from 
economies  of  automated  production. 

Two  new  Tung-Sol  damper  dimles — 6AF3  and  12AF3 
— bring  TV  manufacturers  substantial  dollar-savings 
through  increased  efficiency.  Modern  automatic  assem¬ 
bly  equipment  is  better  able  to  process  the  miniature, 
button-stem  damjxrs  than  prior  octal-base  types.  Also, 
the  new  types  allow  standardization  of  tube  and  socket 
size— a  big  plus  in  printed  circuit  usage. 

In  addition  to  these  cost-cutters,  6.^F3  and  12AF3 
offer  premium  performance.  They  approach  the  high 
ratings  of  the  6AU4GT.A  and  19.AL'4GT.A  .  .  .  have  the 
same  heater  power  as  the  6AX4GT  and  12.AX4GTA.‘ 

Set-testing  under  actual  overload  conditions  indicates 
the  new  tubes  carry  a  greater  ‘'safety  factor”  than  any 
previous  damper. 


The  economy  and  top-flight  quality  of  the  6.AF3  and 
12AF3  characterize  the  entire  Tung-Sol  tube  line.  For 
complete  data  on  the  new  miniature  dampers  ...  to  fill 
any  entertainment  socket,  contact:  Tung-Sol  Electric 
Inc.y  Newark  4.  New  Jersey. 


New  Tung-Sol  miniature  dampers 
compared  with  types  they  replace 


SAXAQT 

12AX40TA 


eAUAOTA 

1»AU4QTA 


Miniatwre  188ni4* 


148mat 


NKATEa-aATiaa 

!8.3v.  1.2a 
12.8v,  o.ea 

l8.3v,  1.2a 
]l2.ev.  0.8a 

S  8.3v.  1.8a 
i  18.0V.  O.ea 


*Aecordino  to  Ootign  Maximum  tystom  of  Itotiogo 
tAccordino  to  Ootign  Contor  Systom  of  Rotings 


New  -hp-  425A  Microvolt-Ammeter 

now  makes  these  difficult  measurements  quickly  and  easily! 


ENGINEERING 

Minute  dc  potentials,  difference 
voltages,  nulls 

Resistances  from  milliohms  to 
10  megmegohms* 

Use  with  Esterline-Angus,  other 
recorders 


PHYSICS,  CHEMISTRY 

Grid,  photomultiplier  currents 


Ionization  levels  in  vacuum 


Thermocouple  potentials 


Voltaic  currents  in  chemicals 


MEDICINE,  BIOLOGY 

Voltages  in  living  cells 
Nerve  voltages 
Voltages  in  plants,  seeds 


’with  axlarnol  d<  tourca. 
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Accwrocy; 

AMPIIFIEI 


basic  new  instruments  in  1958 


ELECTRONICS  engineering  issue  —  December  5,  1958 


CIRCLE  U  READERS  SERVICE  CARD 


The  all-new  -hp-  425A  Microvolt- Ammeter  will 
provide  engineers,  physicists,  chemists  and  physiological 
scientists  with  one  compact,  direct-reading  instrument 
measuring  minute  voltages  and  currents  with  speed,  sim¬ 
plicity  and  10  times  the  sensitivity  of  the  complex  equip¬ 
ment  arrays  previously  required. 


Conserv  ative  electrically.  Model  425  A  includes  every  con¬ 
ceivable  assurance  of  safety,  accuracy  and  dependability. 
For  example,  momentary  overloads  of  1,000  volts  cause  no 
danuge;  and  the  new  pickup  probe  is  specially  designed 
to  minimize  thermocouple  and  triboelectric  effects.  The 
meter  provides  constant  polarity  indication. 


The  new  -bp-  425A  also  may  be  used  to  measure  a  wide 
range  of  resistances.  Milliohms  may  be  measured  by  using 
a  battery  and  series  resistor  as  a  constant  current  source. 
Higher  resistances  may  be  measured  with  higher  voltages; 
a  100  volt  supply  allows  the  425A  to  measure  accurately 
up  to  10  megmegohms. 


Call  your  -bp-  representative  now  for  demonstration  on 
your  bench ;  or,  write  for  details. 


Very  careful  engineering,  including  heavy  filtering  against 
ac  signals  and  substitution  of  a  unique  photoelectric  chop¬ 
per  for  the  conventional  mechanical  vibrator,  has  resulted 
in  performance  heretofore  unobtainable.  The  long-term 
drift  of  the  425A  is  less  than  2^v  and  internal  noise  is  less 
than  0.2  /iv. 


HEWLETT-PACKARD  COMPANY 


4M2A  PACE  Mill  lOAO  •  PAIO  AITO.  CAIIFORNIA,  U.S.A. 
Cobl*  “HEWPACK  "  •  OAvanport  S-44SI 

PIEIO  ntntSlNTATIVtS  IN  All  PEINCIPAl  AEEAS 


SPECIFICATIONS 


MICROVOLT-AMMETER 


V*ltoD«  Rang*: 


CuiT*n(  Rang*: 


Ingwl  lmg*4lan<*: 


Poiiliv*  ond  n*galiv*  vollog*s  from  10  Av  full 
Kol*  lo  I  V  full  Kol*  in  on  *l*v*n  >t*p,  1,  3, 
10  t*4U*nc*. 

Pofiliv*  and  ncgoliv*  curr*ntt  from  10  AAo 
full  Kol*  le  3  mo  full  icol*  in  an  *ight**n  U*p, 
1-3-10  s*qu*nc*. 

Vollag*  Rang*t:  1  mogofim  ^5%. 

Currant  Rang*>:  0*p*nds  on  rang*,  I  magohm 
to  0.33  ohm. 

Within  ^3%  of  full  seal*. 


Outgat: 

Outgo!  Imgadanc*: 


Er*gu*n<y  Rang*: 


100,000  moiimum. 


Data  iub|*ct  to  chong*  without  nolic*.  Pricos  f.o.b. 


0  to  )  V  for  full  teal*  raoding,  odjustobl*. 

10  ohms,  shuntad  by  1000  ohm  potsntiometer. 
Last  than  0.3  Av  rmt  rafarrad  to  input. 

Aftar  IS  minut*  arorm-up,  lass  than  ^2  gv  par 
hour  rafarrad  to  th*  input. 

nS«  ±10  y,  230  ±20v,  60eps,  aOwotts. 

Cobinat  Mount:  7Vi*  wida,  11 ’/a*  high,  14* 
daap. 

Nat  20  lbs. 

$500.00. 

hp-  43SAR  Iraek  mount)  $505.00. 
hp.  42SA  (cobinat)  $500.00. 

foctory. 
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on  announces 


5  NEW  T¥PES 
OF  SILICON 
TRANSISTORS 


LOW  NOISE  typo  . . .  lowmst  nol»m  figurm  ymt  acMmvmd 


in  the  critical  range  from  one  cycle  per  second  to 
audio  frequencies.  The  ST1050  offers  improved 
equipment  stability  down  to  a  fraction  of  a  cycle 
per  second.  Use  it  for  all  low  level  amplification 
problems  having  an  input  source  imp^ance  of 
50  Kohms  or  less  . . .  strain  gages,  thermocouples, 
accelerometers. 

TYPf  STIOSO 

Equivalent  Input  Noim  VolU|t  (0.1  to  SO  cps)  2.S  fiV  RMS 
DCBeta«lc-2IVa  »  - 

Cnilqctaf  Cutoff  Currant  (2S*C.  — 3V)  .002  na 

Cotloctor  Cutoff  Currant  (I00*C.  — 3V)  0.2  »a 

Coniplptq  Rata  In  kuitothi  TE-1393 


LOW  LEVEL  INPUT  type..  .  mxtrmmmly  low  drift 


over  the  recommended  operating  range  of  2-200 
pa  collector  current.  With  typical  drift  of  only  1.0 
milli-microamps  per  degree  C  and  5  milli- 
microamps  per  day,  ST1026  may  be  used  in  cir¬ 
cuits  with  high  impedance  sources . . .  phototubes, 
G-M  tubes,  infra  red  tubes  and  ionization  gages. 
Many  new  low  current  applications  are  opened 
up  by  the  high  beta  and  extremely  low  Ico. 

TYPE  STI02S 

Minimum  DC  Bata  #  S  na  1$  — 

Maiimum  CoHoctor  Cutoff  Currant  (2S*C,  — 3V)  .005  m* 

Typical  Collactor  Cutoff  Currant  (100*C.  — 3V)  0.2  pt 


SPCCmCAtlON  UMH 
I25»G  H 
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currmnt  gain  of  80  minimum, 


th*  hichest  level  yet  achiev^  in  the  industry.  A 
useful  end-of*life  bets  is  msintsined  at  tempera¬ 
tures  down  to  —  65*C,  even  at  reduced  collector 
current  levds.  The  high  gain  of  these  transistors 
reduces  the  num^r  of  stages  required  in  amplifier 
applications.  A  greater  degm  of  degenerative 
feraback  may  be  used  to  obtain  much  greater  ^ain 
stability  and  uniformity,  resulting  in  reliabU 
amplifiOT  operation. 

types  2NS43  2NS42  2N$41 

Miiiinitni  CornstM  EiMter  CwimI  „ 

Gii«  9 1  Kc  M  10  so  « 

Trpkat  CemiM*  Eaiittw  Currtat  C*i» 

•  I  Me  IS  IS  IS  > 

Maiiaiuat  Cattoctw  VoHac*  4S  30  IS  VelU 

MuimiiM  CoHaeior  CitleS  Carraat 
(2S*C  •  Vc  Mti.)  S  S  S  M 


HIGH  V../8MALL  SIGNAL  types 

. . .  Vss  of  3  Volta  minimum  s  r"' 

eliminates  the  need  for  series  diodes  in  many  ap-  S 

plications  and  protects  against  transients  in  pulM  c  4 - 

and  dintal  circuitry.  This  improvement  in  etnit-  | 
ter-to-base  voltage  is  available  in  Transitron’s  § 

entire  line  of  small  signal  transistors,  at  no  sacri-  »  3 - 

flee  of  other  characteristics.  o 

TYPES  2NS43A  2N4S0A  2M7SA  ^ 

Maiitnun  EimHM  la-BM*  VaSai*  S  S  S  V*Ns  ^  ^ 

MtunuHi  CaSactor  VaSifa  4S  4S  4S  Van*  1 

Mia«aiwai  Caaiaiaa  Eaiintf  ^  9K 

Catfcal  CaM  10  40  20  —  g  |  — 

MatMaum  CaSaclat  CaloS  Cattaal  f 

(•  V*  -  4S  Vast)  i  i  i  pt 


HIGH  BETA/MEDIUM  POWER  types 

. . .  currant  gain  of  40  minimum  _ _ _ 

120  [ 

at  500  milliamps.  Typical  power  gain  of  1000  into  I 

a  100  ohm  load  significantly  reduces  drive  power  j 

requirements.  When  used  in  conjunction  with  »  _ _ 

small  signal  high  gain  types,  these  transistors  re-  3  *<> 
duce  the  number  of  components  needed  in  a  sys-  ^ 
tern  and,  hence,  the  overall  weight  and  volume.  | 

Ito  »  measured  at  maximum  rat^  collector  volt-  5 
age  at  150’C.  40 

TYPES  ST4044  ST4045 

Miaiaium  DC  StU  aaQatlc  300  200  aia  y 

Maiimum  CaSadar  VoNafa  (0  CO  VaRs  |  30 - 

Pewai  Dmiiiatiaa  <I00*C.  traa  air)  C  .S  Watt 

Pe«at  DiwfwlMa 

(I00*C.  tiaS  haat  siah  aiaiiatiai)  S  $  Watts 

Typicat  CoSaclar  Salvratiofl  Voltaia  } - -j— 

W  tpatikad  cairaat)  3  l.S  VoSs 


8  . . .  highar  powar  ratings 

venience  of  single-hole  mounting,  the  same 
as  for  our  JAN  rectifiers  in  the  Vis'  hex 
package.  No  clip  is  needed  . . .  insulation  and 
mounting  hardware  are  supplied.  Complete 
data  in  bulletin  TE-1355. 


for  medium  power  transistors  in  Transitron’s 
TO-5  Outline  package.  These  factory-fitted 
heat  sink  mountings  make  possible  a  realistic 
5  watt  rating  at  100‘C  case  temperature  for 
the  first  time.  The  stud  type  offers  the  con- 


•  l•ct^onlc  corporation  •  wakafield,  maaaachuaatts 
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Memory 

Tone 

Resolution 


ness 


Designed  for  the 
most  exacting 
applications  of 
storage  and  display 


Federal 


latron  storage  tubes  give  you  a  broad  range 
of  characteristics  around  which  to  design 
advanced  systems  for  writing,  storing,  dis¬ 
playing,  and  erasing  information. 

In  aU-wnather  radar,  latrons  have  a  high  order 
of  halftone  resolution  that  facilitates  dis¬ 
tinguishing  of  cloud  formations. 

In  ground  radar,  latrons  permit  accurate,  con¬ 
venient  daylight  viewing  because  of  their 
high  brightness— up  to  10,000  foot-lamberts 
— ample  for  projection  systems. 


In  scan  conversion  systmms,  observation  of 
single  transients,  sequential  display  of  in¬ 
strument  data  and  similar  uses.  latrons  offer 
resolution  up  to  80  lines/ inch  and  high 
writing  speeds. 


Developed  by  men  who  have  led  in  storage 
device  technology,  latrons  are  manufactured 
to  the  high  standards  of  reliability  which 
have  made  Fcjderal  tubes  famous  for  over 
half  a  century.  Write  today  for  complete 
data. 


WRITMO  trilD  IRASMO  VKWINe  RiSOUITION  MiOHTNfSS 
TYPfi  DIAMETER  FOCUS  0EHECT1ON  m./SSC.  TIME  TIME  (MAX.)  UMS/IN.  FT.-IAMHRTS 

7173  4'  direct  view  electromagnetic  electromagnetic  200,000  3  millisec.  30  sec.  50  2600 

7174  4'  projection  electromagnetic  electromagnetic  200,000  3  millisec.  30  sec.  50  10,000 

7175  5'  direct  view  electrostatic  electromagnetic  250,000  3  millisec.  40  sec.  80  2500 

7176  5'  direct  view  electrostatic  electrostatic  250,000  3  millisec.  40  sec  ,  80  2500 


Box  F0010,  Vacuum  Tuba  Dapartmant,  Components  Division 
INTERNATIONAL  TELEPHONE  AND  TELEGRAPH  CORPORATION 
Box  412,  Clifton,  New  Jersey 


SclVadAoiark  of  International  Telephone  Sc  Telegraph  Corporation. 
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New  Triplett  Uniraeters 

Decrease  Inventory  Cost  . . .  Increase  Flexibility 


/Vith  the  New  Select-Your>Range  Triplett  Unimeters 
wo  basic  meter  movements  can  be  combined  with  any 
lumber  of  Dial-Component  units  for  a  wide  variety  of 
lanel  meter  ranges— you  can  even  create  your  own 
anges  with  available  dial  blanks  by  following  simple 
nstructions  furnished. 

Since  the  basic  movement  accounts  for  the  greater 
)art  of  the  meter  cost— you  can  have  a  much  more 

For  complete  details  see  your  Electronic  Parts  Distributor,  or  write 


■RIPLETT  ELECTRICAL  INSTRUMENT 
BLUFFTON,  OHIO' 


flexible  inventory  by  stocking  the  minimum  number 
of  basic  meter  movements  and  a  large  variety  and 
maximum  quantity  of  the  inexpensive  Dial-Components 
Unimeter  features  are:  self-shielded  Bar-Ring  move¬ 
ments:  AC  and  DC  linear  scales  •  extreme  accuracy  • 
dustproof  construction  •  error  proof  assembly  •  instant 
conversion  •  standard  mounting. 


COMPANY 


> 

Three  Standard  Kits,  too.  Kit  A  (makes  8  ranges). 
Kit  B  (makes  12  ranges).  Kit  C  (makes  23  ranges). 


Direct  Reading 
Frequency  Meters 
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MOST  COMPLETE  LINE... 

FOR  EVERY  PURPOSE,  EVERY  BUDGET 


NI8N  PRECISIOH,  RIRECT  READIM  METERS  (0.013%) 
SeriM  555  to  579  comiit*  of  30  difforont 
typM  covering  from  0.935  to  39.0  KMC/S. 
Repre«enting  highMt  etata  of  the  art,  thoaa 
frequency  meter*  fuOy  qualify  aa  transfer  or 
secondary  standard*  for  exacting  laboratory 
or  production  service.  Feature*  include:  her* 
metically  sealed  invar  cavity,  temperature- 
compensation,  high  Q,  optimum  cavity  geom¬ 
etry,  high  conductivity  plating. 


RECISlOH  HmRODVME  FREOOENGY  MHER  (0J02%) 
Type  504,  for  100  to  10,000  MC/S 
sririi  accuracy  of  0.002%  at  crystal 
check  points  every  5  MC/S  and  H 

0.03%  or  better  between  check  B 

points.  Automatic  interpolation  by  B 

unique  patented  spiral-scale  dial.  B 

Beat  indication  by  both  external 
earphone*  and  built-in  CRT.  Me- 
ter  is  self-contained  and  portable. 


INEXPENSIVE.  DIRECT  REXDIN6  MHERS  (0AR%) 
Series  S8S-A  to  S90-A  affords  ex- 
cellent  accuracy  at  lowest  cost  from 
V  5.1  to  10.0  KMC/S.  IdeaUy  suited 
for  panel  mounting. 


COAXIAL  FREQUENCY  METERS: 

LINE  TERMINATINR.  NISH  PRECISION  MHER  (±04  MC  S 
Type  560,  ranges  2.4  to  3.4  and  3.7  to 
3.7  KMC/S.  Extremely  sride  range  of 
pulse  average  power  as  well  as  CW  can 
be  handled.  Hermetically  sealed  cavity 
and  temperature-compensation  permit 
operation  under  conditions  of  adverse 
humidity  or  large  temperature  variations. 


CAIIIRATEO,  PRECISION  MEHR  (±0.3  MC/S) 
Type  583-D,  for  2.4  to  3.7  KMC/S.  Tem¬ 
perature  -  compensation  and  hermetical 
sealing  insure  optimum  performance  tin¬ 
der  all  atmospheric  conditions. 


DIRECT  READIN6  UNf  METER  (±04%) 
Type  587-A,  covers  rang*  250  to 
1000  MC/S.  Spiral  drum  scale  60 
inches  long  enables  precision  direct 
reading.  May  also  be  used  a*  a  tun¬ 
able  narrow  band  filter. 


Seven  full  waveguide  bandwidths  are  each  covered  by 
a  separate  meter  in  this  532  series  of  nine  reaction- 
coupled  frequency  meters,  extending  over  the  complete 
range  from  3.95  to  40.0  KMC/S. 

These  frequency  meters  consist  of  a  TEni  mode 
cavity  resonator  timed  by  a  non -contacting  plunger. 
Ruggedness  for  long  trouble-free  life  is  assured  by 
all-metal  construction.  Maximum  readabilityt  reso¬ 
lution  and  accuracy  to  ±0.08%  are  the  result  of  an 
optimized  design  distinguished  by  a  drum  type  spiral 
scale  more  than  8  feet  long. 

Fu//defai7so/ FROFrequbncy 
Meters  and  the  complete  PRD  m 
Pacemaker  Line  ere  con-  I  w  * 
teined  in  thin  new  160  p*ie 

PRD  Microwave  Catalog,  larg-  B  ^  - - 

esf  and  moat  informative  ever  ^  warn 

puNiahed.  It  ia  available  with- 

out  coat  or  obligation  to  thoae  W-  -  ~  -rWmJSf 
engaged  in  microwave  work. 

Write  for  your  copy  today. 

POUTTECHNIC  RESEARCH  &  DEVELOPMENT  CO.,  INC 

202  Tillary  Street  •  Brooklyn  1,  N.  Y. 


the 

Pioneer 


f 


space 

To  send  the  U.  S.  Pioneer  more  than  60,000  miles 
into  interplanetary’  space, Space  Technology  laboratories 
in  seven  months  designed,  developed,  assembled,  and 
tested  an  88-foot  combination  of  three  integrated  stages  with  a 
payload  incorporating  36  separate  ignition  systems. 

STl’s  i\strovchiclcs  laboratory  focused  on  the  payload  itself  and 
the  sensitively  related  problems  of  propulsion,  weight, 
and  stability.  These  are  in  addition  to  the  overall  complexities 
of  the  structural  configuration. 

Pioneer,  setting  new  apogees  in  science  and  missilery, 
typifies  the  achievements  STL  is  making  in  the  advancement  of 
space  technology.  Those  who  are  able  to  contribute 
to  and  benefit  from  these  developments  are  invited  to 
consider  joining  our  stalT. 


Space 

Technology 

Laboratories 


• 

Space  Fcchnology  Laboratories,  Inc.  .. 

5730  Arbor  Vitae  Street,  Los  Angeles  45,  California 
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right  where  he  is! 


other  men’s  brand  of  problems 
in  your  held.  Get  on  speaking  ac¬ 
quaintance  with  all  the  phases 
and  facets  of  your  business  — 
what  one  McGraw-Hill  publisher 
so  aptly  calls  “Cross-Communi¬ 
cation.” 

You  see  —  you,  yourself,  are 
really  two  men  .  .  .  one  well- 
versed  in  your  specialty  .  .  .  the 
other,  well-informed  on  “the  big 
picture”.  And  this  same  one  Mc¬ 
Graw-Hill  publication  is  edited 
to  satisfy  both  of  you.  How  well  ? 
Read  on,  and  be  pleasantly  and 
profitably  surprised. 


tion.  Companies,  products,  indus¬ 
tries,  have  cross-bred  like  crazy. 
Anybody’s  business  is  every¬ 
body’s  business.  Being  “an  ex¬ 
pert”  is  always  essential  in 
depth,  lacks  much  in  breadth. 

Look  ahead,  read  ahead,  get 
ahead.  Open  up  this  magazine, 
and  start  reading  as  you  never 
have  before.  In  the  past,  your 
eye  instinctively  has  spotted  the 
pages  concerned  with  you  and 
your  job,  and  you’ve  read  this 
material  and  used  it.  Now,  take 
the  next  big  step.  Read  the  stor¬ 
ies  involving  other  job  functions. 


If  ever  a  compliment  could  cut 
the  gi'ound  out  from  under  a  man 
—  you  just  read  it.  Just  make 
sure  your  management  never 
says  it  about  you. 

Once  upon  a  time,  business 
moved  at  a  slow’er  pace,  and  peo¬ 
ple  and  things  were  sort  of  tidily 
pigeonholed.  So  many  companies 
w’ere  wedded  to  a  single  product, 
a  modest  plant,  simple  process¬ 
ing,  comfortable  competition, 
family  ownership  and  one-man 
■rule. 

Once  upon  a  time,  you  could 
be  a  specialist  in  a  particular 
part  of  a  particular  business,  live 
within  narrow  walls,  and  every¬ 
thing  was  just  dandy.  No  longer ! 
Today,  job  isolation  is  stagna¬ 


McGRAW-HILL  SPECIALIZED  PUBLICATIONS 


The  most  inter^tlng  reading  for  the  man 


most  interested  in  moving  ahead 
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for  electronic  and  avionic  device*. 


STEMCO*  THERMOSTATS 

give  you  more  of  what  you  want  most 


raATURKS  such  as  snap  or  positive-action  . . .  various  terminal 
arrangements  or  mounting  provisions  .  .  .  different  tempera¬ 
ture  ranges — there’s  a  standard  type  Stemco  thermostat  for 
your  special  needs.  That  means  you  cut  down  on  lead  time, 
research  and  development  costs,  tooling  and  production  inven¬ 
tory.  Specify  Stemco  and  you  get  better  thermostats,  faster  and 
for  less  than  you  can  make  them  or  buy  them  elsewhere. 

SIZB  and  weight  are  particularly  impor¬ 
tant  in  avionic  and  electronic  applications. 
And  here  Stemco  thermostats  score,  too. 
Their  compactness  and  lightness  give  a 
better  product  without  sacrificing  per¬ 
formance. 


TYPE  M* 

Sethi  -fncl(>s<'d 

ElrctricoH  y  ^indepvndvnt 
btmetoi  drtc  typ*  for  op- 
plionce  ond  etvctroRic  op- 
pt»CafiOnt  from  —10  to 
350  f  Rotift^  8  amp)  ot 
115  volt)  .AC.  *  ompt  at 
230  «ol't»  AC  ond  28  volt) 
DC.  Viftwolly  any  type 
terminal  Bv(teti«  6000. 


TYPE  M* 

Hermetivally  sealed 

ElectrkaHy  some  a^  semi- 
enclosed  Type  M  Con  be 
furnished  with  pm  or  sol¬ 
der-type  terminals,  wire 
leods  and  various  mount 
ing  brockets  Wnte  for 
Bulletm  6000. 


■CONOMV  of  mass  production  of  many 
standard  Stemco  types  with  literally  hun¬ 
dreds  of  terminal  arrangements  and  mount¬ 
ing  provisions  means  your  product  costs 
less  to  make. 


mam{facturing  company,  inc, 

Lexington  and  Mansfield,  Ohio 


•Rsfer  to  Guide  W  EOfor  U.L.  and  CS.A.  approved  ratine*. 


AVAlLJtaiLlTY  of  most  types  is  good. 
Design  is  flexible  for  your  special  applica¬ 
tions,  tooling  is  in  existence  for  short-term 
delivery.  If  heat  control  is  your  problem, 
Stemco  thermostats  can  provide  the 


answer. 


TYPE  A* 

Semi-  enclosed 


•  TYPE  A* 

Hermeltcallx  sealed 


TYPE  C 

.Semt  -enclos)'d 


TYPE  I 

Her  met  wall  xsealetl 


htufatffd,  •(•cffcolly  ^rn- 
f«pnnd*nt  b«m«tai  ditc 
ltv«)  fo»t  r«)pon)«  ond 
iLuicIi,  )nap-ocf*on  control 
^•rotion  from  ^10^  to 
Too  f  or  highipr  on  tptcial 
■rdor.  ^^riOin  mountings 
ind  t«rminoll.  Averag* 
Otmg  6*^  ompt  ot  115 
olts  AC.  4  omps  ot  230 
olts  AC  and  26  volts  DC 
•«t  Bulletin  3000. 


tlectricoily  idegticol  to 
semi  enclosed  Type  A  Tern- 

Serptures  from  —10  to 
OO’F.  Voriovs  enclosures 
pnd  mountings,  including 
brockets,  ovpiloble  For 
ppplionew.  electronic, 
bpparotui  opplicotion) 
Bulletin  3000. 


Small,  positive  acting,  clec- 
tricolly  independent  bi> 
metol  strip  for  operotion 
from  —10  to  300  F  Roted 
ot  opproiimoteiy  3  omps, 
depending  on  opphcotion 
Terminols  ond  mountings 
to  Customer  specifications 
See  Bulletin  5000. 


clectricoUy  tdenticol-to 
lemi-efKlosed  Type  C  but 
seoled  *n  crystal  can  Also 
supplied  as  double  ther 
mostot  "oloriw**  tjipe  -Tgc. 
ret  termiribis  or  wire  leods 
Request  Bulletin  5000 


THERMOSTATS 


STEMCO 


or 


r  managemei 
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FREE  LIFETIME  SERVICE 
ON  ALL  POLARAO 
INSTRUMENTS 


Company. 


Address. 


1000  to  10,000  me 

Absolute  measurements 
of  microwave 
interference  and 
susceptibility  Ski 


Polarad  Model  FIM  It 
approved  Clatt  A  MIL  SPCC 
under  MIL  I-0061SIC  (MIL-l-22600) 
and  Kamo-  Woolrldie  Weapons  Syttam 
Specification  WDO-M-PtO-2 


Fer  the  first  tinw,  one  single  microwave  test  sys¬ 
tem -Polarad  Model  FIM  Field  Intensity  Receiver  — 
is  capable  not  only  of  measuring  the  absolute  level 
of  radiated  or  conducted  interference,  but  also  of 
determining  the  signal  susceptibility  of  other  in¬ 
struments  and  components  to  such  external  inter¬ 
ference.  It  combines  a  calibrated  antenna  system, 
a  calibrated  receiver  and  an  Internal  calibrated 
signal  generator. 

This  versatile  precision  test  instrument  serves 
also  for  field  intensity  measurements,  propagation 
studies,  antenna  pattern  analysis,  r-f  leakage  mea^ 
urements,  analysis  of  r-f  signals-and  characteristics 
of  transmitters,  receivers,  and  other  microwave 
components. 

Four  sensitive  plug-in  tuning  units,  OKh  with 
UNI-DIAL  control.  Meter  indicates  average,  peak  or 
quasi-peak  value  of  r-f  signals.  Audio,  video  and 
recorder  outputs. 


•JIQr . 


MAIL  THIS  CARO 

for  dtUllod  spocificatlons. 
Ask  your  noarost  Polarad 
raprasaotatlva  (la  tha 
Yallow  Paiat)  for  a  copy 
of  "Notas  on  Microwava 
Maasuranwnts" 


POLARAD 

ELECTRONICS 

CORPORATION 

43-20  34th  Str*«t,  Long  Island  City  1,  N.  Y. 


Raprasantatlvas  In  principal  citlas 


POLARAD  ELECTRONICS  CORPORATION: 

Please  send  me  information  and  specifications  on: 

□  Model  FIM  Calibrated  Field  Intensity  Receiver 

□  Model  K-200  Microwave  Tube  Tester* 

□  Model  P-3  Transistorized  Power  Meter*  E 

My  application  is: _ 


City _ 

*See  reverse  side  of  this  page. 


I 


FREE  LIFETIME  SERVICE 
ON  ALL  POLARAD 
INSTRUMENTS 


MICROWAVE 
TUBE  TESTER 

Simplified  Test  Saves 
Engineering  Man  Hours 

No  guesswork.  No  need  to  fire  up  complete  equipments  to 
determine  microwave  tube  performance.  Model  K-200  gives 
rapid,  positive  decision  on  costly  microwave  tubes.  Quickly 
pays  for  itself  by  enabling  you  to  reclaim  questionable  tubes 
from  salvage.  Allows  Incoming  Inspection  to  check  tubes  upon 
receipt  and  throughout  warranty  period,  without  tying  up 
expensive  personnel. 

Tests  all  microwave  tubes  including 
internal  and  external  cavity  types,  pencil 
triodes,  rocket  and  lighthouse  tubes.  A 
scroll  indicates  quick  setups  to  test  for 
filament  continuity,  short  circuits,  static  Madel  K-200 
Ok;  tests,  life  tests,  and  dynamic  tests. 


PORTABLE 
TRANSISTORIZED 
MICROWAVE 
POWER  METER 


POLARAD  ELECTRONICS  CORP 


4^-20  34th  St..  Long  Island  City  1.  N.  V 


10  to  39,000  me  ^ 

Battery  or  line  operated 
Light  and  rugged 

Measures  absolute  r-f  power  instantly  without  tuning 


Used  for:  field  or  laboratory  measurement  of  absolute  r-f  power 
levels;  testing  and  calibration  of  signal  -generators,  attenu 
ators,  traveling  wave  tubes:  testing  coax  and  waveguide  sys¬ 
tems;  measurement  of  power  at  locations  where  AC  power 
lines  are  not  available. 

Thermistor  elements  make  the  unit  safe  from  accidental 
overload.  Thermistor  mounts  available  in  coaxial  and  wave¬ 
guide  sizes.  ■ 


im 


BUSINESS  REPLY  CARD 

First  Class  Permit  No.  18,  Long  Island  City  1,  N.Y. 


MAIL  THIS  CARD 
tor  detailtd  specifications. 
Ask  your  nearest  Polarad 
representative  (in  the 
Yellow  Paget)  for  a  copy 
of  "Notes  on  Microwave 
Measurements'' 


POLARAD 

ELECTRONICS 

CORPORATION 

43-20  34th  Street,.  Long  Island  City  1,  N.  Y. 

Representatives  in  principal  cities 


Test  Jacks 

The  introduction  of  Ucinite’s  back-mounting 
jacks  makes  available  for  the  first  time  a  complete 
line  of  high  quality  test  jacks  suitable  for  use  in 
equipment  where  long  life  and  dependability  are 
essential. 

Ucinite  Test  Jacks,  designed  for  standard  .080 
phone  tips,  are  available  in  a  variety  of  colors 
ideally  suited  to  coded  application.  Silver-plated, 
heat  treated  beryllium  copper  contact  is  made  in 
one  piece  with  large  terminal  ends  for  easy  solder- 


by  Ucinite 

ing.  The  feed  through  type  is  provided  with  a 
one-piece  brass  terminal  stud,  tin-plated. 

The  specialized  abilities  and  experience  of 
Ucinite’s  own  staff  of  design  engineers  are  avail¬ 
able  for  work  on  new  and  unusual  problems. 
Volume  production  facilities  ensure  fulfillment  of 
the  largest  requirements. 

For  full  information,  call  your  nearest  Ucinite 
or  United-Carr  representative  or  write  directly 
to  us. 


The 

UCIIVITE  CO. 

“  Newtonville  60,  Mass. 
Division  of  United-Carr  Fastener  Corp. 


Sp^eimlimta  Im  Amammtbilea, 

HaM»  umM  AmtmmfUvm 
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Qfl  ©o=ifi]®DO  = .  o 

make  it  work 


MINIATURIZATION  WITH  RKI.IANII.ITV  .  .  .  Today's  raqulramant  for  tomorrow's  braaK- 
throughs.  Bandix- Pacific  is  masting  this  challanga  with  an  intagratad  miniaturization  and 
raliability  approach  to  dasign  problams.  Tha  rasult  has  baan  substantial  raductlons  In  siza 
and  waight  couplad  with  consistant  high  parformanca. 

Bandix-Pacific  Talamatry  aquipmant  is  an  axampla  of  this  typa  of  approach.  This  naw  Sub- 
carriar  Oscillator  has  baan  raducad  in  siza  to  almost  half  that  of  pravious  dasigns  whila 
providing  athraafold  improvamant  in  parformanca. 

MaKa  it  smaller,  but  make  it  batter  is  tha  creed  of  this  organization. 


Opportunilm  art  lorgu  of  Btndix-PaciUc.  Writ* 
f.  A.  Lomm,  Director  of  Engineering  obovf  Bendix  ond  your  future 

NORTH  HOLL'TWOOO.  CALtfORNIA 

ADVANCKD  THINKING  POR  SVSTBMS  AND  PRODUCTS  IN  AIRBORNS  RADAR  .  .  .  HYDRAULICS  .  .  . 
MISSILK  GUIDANCE  .  .  .  ELECTRO  -  MECHANICS  .  .  .  DECCA  NAVIGATION  .  .  .  SONAR  .  .  .  TELEMETRY. 
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Only  Merck  makes 

all  three  forms  of  ultra-pure 


for  semiconductor  applications 


Merck  Polycrystalline  Billets— have  not  been  previously  melted  in  quartz,  so 
that  no  contamination  from  this  source  is  possible.  Merck  guarantees  that  single 
crystals  drawn  from  these  billets  will  yield  minimum  resistivities  over  SO  ohm  cm. 
for  n  type  nuiterial,  and  over  100  ohm  cm.  for  p  type  material.  Merck  Silicon  Billets 
give  clean  melts  with  no  dross. 

Merck  Polycrystalline  Rods— are  ready  for  zone  melting  as  received  ...  are 
ideal  for  users  with  floating-zone  melting  equipment.  Merck  Polycrystalline  Rods 
(8  Vi  to  10  Vi  inches  long  and  18  to  20  mm.  diameter — smaller  diameters  on  special 
order)  yield  more  usable  material.  In  float-zone  reflning  one  can  obtain  minimum 
resistivities  of  1000  ohm  cm.  p  type  with  minimum  lifetime  of  200  microseconds. 

Merck  Single  Crystal  Silicon — offers  manufacturers  without  floating-zone 
equipment  semiconductor  Silicon  of  a  quality  unobtainable  elsewhere.  No  crucible- 
drawn  crystals  can  match  the  reliability  of  Merck  single  crystal  material  in  semi¬ 
conductor  devices.  Merck  Single  Crystal  Silicon  is  available  with  min.  resistivity  of 
1000  ohm  cm.  p  type.  Other  resistivities  ranging  from  1.0  ohm  cm.  p  or  n  type  up 
to  1000  ohm  cm.  will  soon  be  available. 

For  additional  information  on  specific  applications  and  processes,  write 
Merck  &  Co.,  Inc.,  Electronic  Chemicals  Division,  Dept.  ES-10,  Rahway,  N.f. 

ULTRA-PURB 

SIIICON  —a  product  of  MERCK 

BASE  BORON  CONTENT  BELOW  ONE  ATOM 
OF  BORON  PER  SIX  BILLION  SILICON  ATOMS 
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Di-Clod  2350.  An  economy  paper-base  phenolic  grade  having  good  tei 
flexural,  compressive,  and  impact  strength.  Adequate  for  most  non-ci 
printed-circuit  applications.  Can  be  cold  punched  and  sheared  up  to 
of  an  inch  in  thickness. 


How  CDF  Di-Clad^ 
can  solve  your 
printed-circuit 
problems 

The  CDF  line  of  copper-clad  laminates  in  all  grades 
is  now  known  by  a  new  name— Di-Clad.  Di-Clad 
grades  meet  the  varying  needs  of  design,  production, 
and  operation  of  electronic  equipment.  Grades  other 
than  those  described  are  also  available. 

Di-Clad  28E.  For  high  mechanical  strength,  low 
moisture-absorption,  and  good  insulation  resistance, 
CDF  Di-Clad  laminates  of  epoxy  resin  laminated 
with  glass  fabric  offer  the  designer  a  strong,  reliable 
ccHnbination. 

Di-Clad  112T.  A  Teflon*  glass-fabric  laminate  offer¬ 
ing  the  best  dielectric  properties  over  a  wide  tem¬ 
perature  and  frequency  range. 

Send  us  your  requirements  and  let  our  enginet'rs 
help  you  select  the  right  grade  for  your  application. 

fTrademark  of  Diamond  Fibre  Corporation 

*Du  Pont  trademark  for  ita  Uitrafluoroethylene  raain. 

CONTINENTAL-DIAMOND  FIBRE 

A  SUtUDIARY  OF  THE  COMPANY  •  NEWARK  1*,  DO. 


TYPICAL  Di-Clad  PROPERTY  VALUES 


Dl-Ood  23S0 

Dl-Ctud  36 
(NEMA  XXXP) 

OI-a«d  31 
(NEMA  XXXP) 

OI-a«d  3gf 
(NEMA  G-10) 

Di-Ctud  1131 
Teflon* 

BOND  STRENGTH— 0.0014"  foil  (lbs.  reqd. 
to  separate  1"  width  of  foil  from  laminate) 

6  to  10 

6  to  10 

6  to  10 

8  to  12 

4  lo  8 

MAXIMUM  CONTINUOUS  OPERATING 
TEMPERATURE  (Deg.  C.) 

120 

120 

120 

190 

200 

DIELECTRIC  STRENGTH  (Maximum  voluge 
per  mi]  for  1/16"  thickness) 

800 

900 

890 

690 

700 

INSULATION  RESISTANCE  (Megohms)  96 
hrs.  at  35°C.  &  90*  RH  (ASTM  D257,  Fig.  3) 

900 

190,000 

600,000 

100,000 

79,000 

DIELEfTTRIC  CONSTANT  I0‘  Cycles 

4.9 

4.0 

3.6 

4.9 

2.6 

DISSIPATION  FACTOR  10*  Cycles 

0.040 

0.026 

0.027 

0.019 

0.0019 

ARC-RESISTANCE  (Seconds) 

9 

10 

10 

130 

180 

TENSILE  STRENGTH  (psi.) 

18,000 

16,000 

12,000 

48.000 

23.000 

FLEXURAL  STRENGTH  (psi.) 

27,000 

21,000 

18.000 

70,000 

13.000 

IZOD  IMPACT  STRENGTH  edgewise 
(ft.  lbs.  per  inch  of  notch) 

0.80 

0.49 

0.42 

12.0 

6.0 

COMPRESSIVE  STRENGTH  Satwise  (psi.) 

32,000 

28,000 

29.000 

62,000 

20,000 

BASE  MATERIAL  OF  LAMINATE 

Paper 

Paper 

Paper 

Medium-weave, 
medium-weight 
glass  cloth 

Fine-weave, 
medium-weight 
glass  cloth 

COLOR  OF  UNCLAD  LAMINATE 

Natural 

Natural 

greenish 

Natural 

Natural 

NaiursI 

1A11  these  standard  grades  are  available  with  0.0014"  and  0.0028"  or  thicker  electrolytic  or  rolled  copper  foil  on  one  or  both 
surfaces.  Other  meui  foils  and  other  resin-and-base  combinations  can  be  supplied  on  special  order. 

*Da  Pont  Trademark 
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a  FLYING  SUBMARINE? 


Amthknol  engineers  and  laboratory  test  group  refer  to  67  Series  rnmniE 
connectors  as  “flying  submarines.”  It  started  as  only  a  humorous  name  but 
it  is  actually  a  quite  accurate  description  of  these  miniature  “E”  connectors. 
Here’s  why.  The  performance  conditions  under  which  immiE  connectors 
will  operate  are  exactly  like  those  of  a  submerged  submarine— flying  at 
80,000  feet  altitude! 

Another  description  for  “flying  submarine”  is  altitude -moisture  re¬ 
sistant.  Under  a  new  test  devised  by  industry  and  the  military,  wired 
mmmE’s  are  completely  submerged  in  salt  water  and  altitude  cycled  to 
80,000  feet  for  one  minute,  to  65,000  feet  for  one  half  hour  and  then  returned 
to  ambient  pressure  for  another  half  hour. 

Following  this  test,  the  minimum  insulation  resistance  of  smnmE 
connectors  is  1000  megohms,  well  in  excess  of  the  100  megohms  required 
by  MIL-C-S015C  after  moisture. 

What  can  a  “flying  submarine"  do  for  you?  If  you  use  electrical  con¬ 
nectors  in  aircraft,  missile  or  naval  applications  (including  non-flying 
submarines),  mmmE  connectors  will  provide  assured  environmental  re¬ 
sistance  to  moisture  at  sea  level  and  at  hi^  altitudes.  Write  for  ccxnplete 
cataloging  plus  information  on  amphknol’s  summE  connectors! 


Amphsmol's  Authorized  Industrial  Distributors  stock 
MinniK’s  and  other  standard  amphshol  components- 
snd  provide  on-the-spot  deliverv- 


Alt^KtflOl  ELECTRONICS  CORPORATION 

Chicago  50,  Ulinois 


TRANSISTOR 
FUNDAMENTALS 
&  APPLICATIONS 

Authoritative,  condensed  and  eosy-to-reod,  this  new  48-page  booklet  contains 
pertinent  diagrams,  schematics,  and  tables  of  important  technical  data— 
all  compiled  in  a  simplified  manner  for  busy  engineers  and  executives  who 
desire  to  broaden  their  knowledge  of  transistor  theory  and  practice. 

Three  quiz-pages  consisting  of  questions  and  answers  appear  at  the  end  of 
the  booklet  and  serve  as  a  valuable  summary  and  review. 

Now,  for  a  limited  time  only,  this  valuable  booklet  will  be  available  through 
your  authorized  RCA  Semiconductor  Products  Distributor.  See  him  today! 

Your  RCA  distributor  has  iti  (Form  #4T37) 


48  pages, ..16  sections/ 

I  —Introduction 

2— Traniistor  Fhytict 

3—  The  PN  Junction 

4— The  PNP  &  NPN  Junction 
Transistor 

5—  The  Point-Contact  Transistor 

6—  Transistor  Characteristics 

7—  Types  of  Transistors 
$— Transistor  Amplifiers 
9— Methods  of  Coupling 

10— Gain  Controls 
1 1  —Power  Amplifiers 

1 2—  Oscillator  Circuits 

13—  Power  Supplies 

14—  Practical  Transistor 
Circuits 

1 5—  Transistor  Components 

1 6—  Servicing  Transistor 
Circuits 
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End  Seals  for  Tubular  Components 


Multiple  Headers 


Threaded  End  Seals 


SEALS  by  E-l 


Single  Lead  Terminals 


Plug-in  Connectors 


Meeting  tough  specifications  is  our  business 

E>I  supplies  the  hermetically  sealed  terminals  and  headers  used  in  the 
Atlas  Intercontinental  Ballistic  Missile  Program.  The  complete  E-I  line  of 
standard  glass-to-metal  seals  offers  engineers  widest  possible  design  latitude 
.  .  .  includes  super-rugged  compression  seals,  miniature  closures  and  stand¬ 
ardized  color-coded  terminals.  When  specifications  call  for  hermetic  seals, 
ask  an  E-I  sales  engineer  for  a  recommendation  on  your  requirements.  In 
most  cases,  an  economical  E-I-  standard  seal  will  meet  your  specifications. 
If  your  application  is  unusual,  custom  components  can  be  supplied. 


Call  or  write  for  latest  catalog  containing  complete 
engineering  information  and  helpful  installation  data. 

ELECTRICAL  INDUSTRIES 

A  Division  of  Philips  Electronics  Inc  Msrray  Hill,  New  Jersey 


^4 
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Miniature  Closures 


II 

—  used  on  the 
ATLAS 
missile 
program 

__  .  'i- 
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Taylor  insulating  materials  help  keep 
lionel  trains  rolling,  too 


Model  trains  and  the  giant  real  things  use  hundreds  of 
vulcanized  fibre  and  laminated  plastic  parts.  Designers 
rely  on  these  materials  because  of  high  reliability  and 
low  cost. 

Although  primarily  applied  as  insulating  materials  in 
electric  motors,  power  supply  units,  track  elements, 
locomotives  and  cars — there  are  many  instances  where 
the  unique  mechanical  properties  of  these  materials  are 
effectively  put  to  work.  An  example  is  the  use  of  lam¬ 
inated  plastic  gears  (silent  gear  stock)  to  transfer  power 
from  electric  motors. 

You,  too,  may  have  applications  where  Taylor  vul¬ 
canized  fibre  and  laminated  plastics  will  cut  costs  and 
improve  product  reliability.  Our  application  engineers 
will  be  glad  to  discuss  them  with  you.  Both  our  plants — 
Norristown,  Pa.,  and  La  Verne,  Calif. — are  equipped 
for  prompt  supply  of  basic  materials  or  fabricated  parts. 
Write  us  for  details.  TAYLOR  FIBRE  CO.,  Norristown 
40,  Pa. 

CIRCLE  M  READERS  SERVICE  CARD 


Taylor  Vulcanizod  Fibro  Port*  Intulato  the  rotors  used  to 
power  Lionel  model  engines.  Photos  supplied  by  courtesy  of 
The  Lionel  Corporation. 


wiior 

^sncs  m  VULCANIZiO  F/Bh 


lAM/NATFO  PLASTICS  M  VULCANIZFO  f/Bfi£ 

December  5,  1 958  —  ELECTRONICS  engineering  issue 


You  told  us  to  ^tell 
about  this  ALL-NEW 


Complete 
Specifications 
...Series  1591 


Counter 


Overall  Dimensions:  2.1' 
wide,  1.7'  hi^h,  2.6'  deep. 
Shipping  weight  approxi¬ 
mately  1  lb. 

Method  of  Counting:  Ac¬ 
tuated  through  electromag¬ 
nets,  these  counters  can  be 
connected  in  series  with 
any  device  having  a  con¬ 
tact  arrangement.  For  op^ 
timum  operation,  60% 
contact  time  is  necessary. 

Reset:  Manual  or  electrical. 
Manual  reset  is  accom¬ 
plished  by  depressing  the 
reset  button  extending 
through  the  front  panel. 
Electrical  reset  is  accom¬ 
plished  by  energizing  the 
resetting  coil  momentarily. 

Size  of  Figures:  .188*  high. 


PANEL-MOUNTED 


Color  of  Figures:  White  on 
black. 


HIGH  SPEED 
ELECTRICAL  COUNTER 


You  asked  for  it!  Hundreds  of  requests  for  "complete 
specs”  rolled  in  on  the  announcement  of  the  1591.  So 
here  they  are  ...  all  on  one  sheet  ...  for  your  cotmter 
file.  And  here’s  a  quick  review  of  the  most  newsworthy 
features  of  this  all-new  coimter: 

•  Instant  electric  resetting. 

•  Push-button  reset,  either  mechanically  on  the  ma¬ 
chine,  or  electrically  from  a  distance. 

•  One  button  resets  an  entire  panel. 

•  Panels  can  go  right  in  your  office. 

•  Covmter  is  small,  but  figures  are  large. 

•  Speeds  rated  to  3,000  counts  per  minute. 

ORDER  NOW! 


EVERYONE  CAN  COUNT  ON 

Veeder-  Root 

INCORPO  RATIO 
Hartford  3,  ConnocHcut 

Hartford,  Corm.  •  GroonviUo,  S.  C  •  Altoona,  Po. 

Now  York  •  Lot  Angokt  •  Son  Froncitco  • 

Off  Hut  and  Aganh  in  frincipal  Citioi 


Numbor  of  Figurot:  4  or  6. 

Spood:  3000  counts  per 
minute  is  the  maximum 
recommended . 

Waft  Consumption:  Operat¬ 
ing  coil  —  6  watts,  reset 
coil  —  15  watts. 

Oporoting  VoHoga:  6,  12, 

24,  48  &  115  volts  DC  are 
standard.  For  operation  on 
AC  power,  suitable  elec¬ 
trical  components  must  be 
added  externally  to  the 
counter. 

Roset  VoHogo:  6, 12, 24, 48& 
115  volts  DC  are  standard. 

Vohaga  Variation  Pormis- 
siblo;  10%,  but  not  more 
than  10  volts. 

Tamporoturo  Rise:  140°F 
under  normal  operating 
conditions  when  coils  are 
left  energu»d  for  long 
periods  of  time. 

Lubrication:  After  every  30- 
million  counts,  lubricate 
per  Veeder-Root  service 
UMtructions  V-7811^1. 

Finish:  Die -cast  frame, 
with  aluminum  covers. 
Panel  Plate  dull  instru¬ 
ment  black. 

NOTE:  Any  change  in  any 
of  these  Stands^  Speci- 
6cations  (above)  makes  the 
counter  a  Non-Standard 
item,  produced  to  order 
only. 
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For  Your  COUNTROL  FILE 


SELECT  CLOSURE  HARDWARE  TO  IMPROVE 
UTILITY,  APPEARANCE,  AND  TO  LOWER  COST 


QUICKLY  INSTALLED 
SOUTHCO  CAPTIVE 
PANEL  SCREWS  END 
MISALIGNMENT 
PROBLEM  .  . . 


PRE-ASSEMBLED 
PAWL  ADJUSTS  TO 
DESIRED  THICKNESS 
AND  PRESSURE 


FAST,  HAMMER- 
DRIVEN  BLIND  RIVETS 
CUT  INSTALLATION 
TIME 


SPECIFICATIONS 
Material:  Screw  is  brass,  chrome  plated; 
can  be  supplied  in  stainless  steel. 
O-ring  is  vinyl  plastic. 

Overall  length  of  screw: 

Depth  of  screw  head:  V4" 


SCKW  HEAD  DUMETH 

THKAD  Sin 

y4" 

^4-20 

'/4-20,  12-24 

10-24,10-32 

Length  of  thread:  Vt’ 

Screw  head  is  supplied  plain,  as 
shown,  or  slotted  for  screw  driver. 


SPECIFICATIONS 
Knob:  Cadmium  or  chromium  plated  I 
steel. 

Head  Styles:  Protruding  ribbed  or  knurled  j 
knob;  flush  screw  driver  | 
slotted  for  large  size  only. 


Knob  diamator 

h»" 

ijfc" 

Total  width 

2V4" 

iy4" 

IVi" 

Total  haight 

Bock  of  ponal 

1«*" 

Vi" 

"A" 

dapiti 

1%" 

I’-i" 

%" 

Knob  langth 

1  Vi" 

’h." 

%l" 

FREE! 

Fastener 

Handbook 


Send  for  your  free  copy  of 
Handbook  No.  8,  just  released. 
Gives  complete  data  for  de¬ 
signers  on  these  and  many  other 
specialty  fasteners.  48  pages,  in 
two  colors. 

Write  on  your  letterhead 
to  Southco  Division,  South 
Chester  Corporation,  233 
Industrial  Highway,  Lester, 
Pa. 


SOXJTMCO 


r^xoiv 


M  turn 

ADJ.  PAWL 

DOOR 

RETAINING 

ANCHOR 

/ 

FASTENERS 

1  FASTENERS 

1  LATCHES  1 

SPRINGS 

1  NUTS 

/ 

CIRCLE 
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First  complete  line  of 
Solderable  Magnet  Wires  for  the 

Electronics  Industry! 


answers  the  long-awaited  need  for  a  self-bonding  wire 
that  is  solderable  at  low  temperatures.  The  high  tem¬ 
perature  cut-thru  resistance  of  the  underlying  film  will 
reduce  the  number  of  shorts  in  your  coils. 

a  tough,  all-purpose,  solderable  wire  for  your  most 
severe  applications.  Elspecially  suited  for  use  in  high 
speed  automatic  winding  equipment  or  wherever  ex¬ 
treme  varnish  or  compound  treatment  is  involved. 

the  magnet  wire  that  is  solderable  at  low  temperature, 
proven  over  the  years  in  thousands  of  customer  appli¬ 
cations. 

a  solderable  film  wire  with  controlled  surface  friction 
for  use  in  lattice-wound  coils.  A  special  surface  treat¬ 
ment  provides  mechanical  gripping  between  turns  and 
keeps  the  wire  in  place. 

All  Phelps  Dodge  soldetMt  magnet  wires  are  red  in  color. 


Any  time  your  problem  is  magnet  wire,  consult  Phelps  Dodge  for  the  quickest,  easiest  answer! 


S-Y  BONDEZE* 


NYLEZE* 


SODEREZE* 


GRIP-EZE* 


FIRST  FOR 
LASTINC  QUALITY 
—  FROM  MINE 
TO  MARKET! 


>  t 


if'  -i  -J. 
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Boesch  Manufacturing  Co.,  Inc.  Danbury,  Conn, 


OESCH 


For  toroidal  coil  tizot  0.218*  ID  to  5*  OO.  wiro  tizot  #20 
ttirough  #42  AWG,  Bootch  offort  four  mochinot  .  .  .  tho  now 
TW300  and  TW251  and  Iho  woll.ltnown  TW200  and  TW20I. 
$huttl«  hoods  and  shuMos  or#  inlorchongooblo  on  all  loachinos. 


Eloctronic  controls  of  tho  TW300  provido  footuros  novor  boforo 
offorod  in  o  toroidal  windor  ...  100%  accuracy  in  counting 
turns  of  any  sizo  wiro  without  physical  contact  .  .  .  spoods  up 
to  2000  turns  por  minuto  .  .  .  4>digit,  2  or  7  position  prodo- 
torminod  turns  counting  .  .  ,  controllod  Decoloration  and  do* 
coloration  .  .  .  autamotic  winding  of  any  sogmont  configuration 
with  oxoct  ropootobility  .  .  .  progrossivo  winding  of  sogmonts 
or  continuous  coils  in  oithor  diroction.  A  significant  stop  toward 
automation  of  toroidal  winding,  tho  TW300  cuts  production  tinio 
and  oporotor  fotiguo,  and  offors  unlimilod  floxibility  in  tho  pro* 
duction  of  now  coil  typos  with  suporior  olociricol  choroctoristics. 


MODEL  TW200 
TOROIDAL  WINDER 


A  work  horso  of  Iho  industry,  tho  TW200  is  also  o  fully  auto* 
motic  high-production  mochino  .  .  .  wiro  spocing  is  vorioblo, 
coro  rotalos  outomalicolly  lor  continuous  winding,  or  oscillolos 
through  ony  onglo  botwoon  45°  and  180°  for  sogmontal  wind* 
ing.  Avoitablo  with  prodolorminod  mochonicol  footago  counlor 
for  loading  shuttio,  with  optional  fixod  or  0-1200  rpm  vorioblo 
spood,  and  choico  of  6-digil  singlo-solting,  or  5-digil  5-sotting 
oloctronic  prodotorminod-lurns  countors. 


MODEL  TW201 
TOROIDAL  WINDER 


Tho  TW201  is  on  oconomicol  production  windor  .  .  .  o  pro* 
fossionol  aid  in  tho  laboratory,  o  dopondoblo  windor  in  produc¬ 
tion.  Coro  is  oscillotod  monuolly  by  o  singlo  lovor,  but  clompod 
mochonicolly.  Winds  standard  coils  without  ottochmonts.  Avail* 
oblo  with  somo  choico  of  countors  and  drives  os  tho  TW200. 


MODEL  300  TOROIDAL  WINDER  . 

...  A  significant  stap 
toward  automation 


Tho  now  low-cost  TW251  is  a  packaged  unit,  comploto  and  ready 
for  operation.  Similar  to  TW201  but  has  built-in  non-prodotor- 
minod  turns  counter  and  AC  drive  variable  up  to  1000  rpm. 
A  slowor-winding  laboratory  mochino,  but  usable  in  production 
like  TW20I  by  oddition  of  prodotorminod  turns  counter.  LIsos 
some  special-purpose  accessories  os  TW200  and  TW20I. 


MODEL  BW?  MODEL  SM  MODEL  BPA 

BOBBIN  WINDER  TOROIDAL  WINDER  PERMEAMETER 

A  quick,  rugged,  versatile,  com*  Tho  first  and  only  toroidal  coil  Assure  product  uniformity  and 

plotoly  outomatic  windor  for  bob-  winding  machine  over  monufoc-  oliminoto  cost  of  trimming  coils  to 

bins,  solenoids,  resistors,  relays  turod  to  wind  toroids  down  to  Hit  inductance.  This  unique  instru- 

ond  other  rondom-wound  coils.  of  on  inch  ID.  Speed  is  variable  men!  grades  toroidal  cores  before 

Speed  is  variable  to  8000  RPM,  from  0  to  800  RPM,  handles  wire  winding  .  .  .  meter  displays  per- 

winds  coils  from  to  5  inches  in  sizes  #36  through  #50  AWG.  contago-of-nominol-turns  doviotion 

length,  diometers  to  5  inches,  wiro  Features  completely  automatic  from  standard  .  .  .  operator  winds 

sizes  #17  through  #50  AWG.  operation,  continuously  variable  correct  number  of  turns  to  obtain 

Features  single  and  multiple  wind-  shuttle  speed,  segmental  and  360  proper  inductance  for  each  ceil 

ing,  automatic  acceleration  con-  degree  winding,  predetermined  even  though  core  permeability 

trol,  finger-tip  controls,  operator  length-of-wire  and  turns  counting,  varies  from  cere  to  core.  Available 

safety  provisions,  life-time  lubri*  one-hond  control  to  insert  cere  and  with  either  air-  or  monually- 

cotion,  plug-in  electrical  compo*  remove  finished  coil,  mechanical  operated  fixture,  handles  cores 

nents.  Only  8  by  34  by  core  holder,  automatic  cere  rota-  ranging  in  permeability  from  14 

one  operator  con  tend  up  to  four  tion,  dynamic  braking,  and  vori-  to  125  and  sizes  from  0.3*  ID  to 

machines  placed  side  by  side.  able  wire  spocing.  5.28"  OD.  Overall  accuracy  is 

0.25%i  large  meter  reads  to 

0.1%. 

Wrife  for  complete  catalog  today.  Watch  Boesch  this  year  for  Important  now  davalopmants. 


MODEL  TW 
TAPE  WINDER 

A  mofor-driven  winder  for  apply¬ 
ing  non-odhesive  topes  to  toroidal 
cores  and  coils.  Us  quick  opera¬ 
tion  mokes  it  a  highly  valuable 
production  tool,  one  minute's  time 
to  tape  o  core  or  coil  is  typical. 
Speed  is  vorioble,  handles  coil 
sizes  from  %"  ID  to  4"  OD,  winds 
mylar,  rayon,  cotton,  silk  or  glass 
topes  in  widths 

%*,  and  %*.  Tope  overlap  is 
continuously  adjustable. 
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You  Need  This  NEW  Century  Catalog 


There  is  a  Century  pressure 
switch  precision  engineered  for 
every  industrial,  research,  and 
military  application. 


of  Precision  Pressure  Switches 


J 


Bigness  has  everything  in  the  world  to  do  with 
it  when,  each  year,  The  IRE  National  Con¬ 
vention  and  The  Radio  Engineering  Show  is 
planned  for  you.  Industries  are  only  as  big  as 
you  men  who  make  them.  And  you  have 
created  a  colossus  that  requires  a  Coliseum  to 
show  itself. 


Come  to  see,  to  hear  and  to  learn.  Whatever 
your  special  interests — equipment,  component 
parts,  instruments  or  production — these  800 
exhibits  representing  of  your  industry’s 
productive  capacity  are  an  Inspiration  in 
Radio  Electronics  that  will  take  you  further 
along  your  personal  path  of  progress. 


THE  IRE  NATIONAL  CONVENTION 

Waldorf-Astoria  Hotel 

AND  THE  RADIO  ENGINEERING  SHOW 

Coliseum,  Hew  York  City 


MARCH 
2  3*24 
25*26 


THE  INSTITUTE  OF  RADIO  ENGINEERS 

EAST  79th  STREET,  NEW  YORK  21,  N.  Y. 
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check  the  many  advantages  of 


Alumina  Ceramics 


Industry-approved  AISiAAag  Aluminas  are  doing  an  outstanding 
job  in  more  and  more  exacting  applications  calling 
for  superior  electrical  characteristics  at  high  tempera¬ 
tures  and  frequencies  .  .  .  rugged  resistance 
to  mechanical  shock  and  vibration  .  .  .  chemical  > 

inertness  .  .  .  resistance  to  repeated 
hot-cold  shock.  AISiAAag  Alumina 
ceramics  are  hard,  measuring  9  on 
AAohs'  scale  .  .  .  strong,  offering  A 

extremely  high  compressive,  flexural 
and  tensile  strengths.  Precision 
tolerances  can  be  maintained. 

Can  be  supplied  in  any  quantity. 


Writ*  for  fr*«  copy  of  Bullotin  No.  562 
which  give*  compltt*  dttailt  on  th«  mott 
popular  of  th*  wid*  rang*  of  »p*cial- 
charactaristic  AISiMag  Alumina*  availabi*. 


ationtv,  Oo.  •  to«*on;  Nawtan  Canlar,  Mom.  •  ■uHote,  N.  Y.  *  CM*aa*t 
ladford  Pork,  in.  •  Clnatrwti.  O.  •  Cl*«*<aii*l,  O.  •  Dallas,  Taao*  *  6^ 
trail,  Mich.  •  High  Point,  N.  C.  •  I**  Angela*,  Cal.  •  New  Yorki  IMg*. 
(Md,  N.  i.  •  Philod*lphia.  P*.  •  Si.  Looii,  Me.  •  SI.  Paul,  Minn.  •  So.  Sw 
Prondtco,  Cat.  •  SaolHa,  Wash.  Canada:  Minna  sol*  Miniitg  &  Mfg.  of 
Canada,  lid.,  P.  O.  lox  7S7,  land**,  Onl.  AH  otha*  aoparl;  Minnasala 
iMnino  A  Mfg.  C*.,  Inlwnal*!.  DW..  9f  Park  Av*.,  New  York,  N.  V. 


INCORPORATION 

CHAHANOOGA  5,  TENN. 

snH  VCA«  OF  CCRAMK  lEAOCRSHIP 


A  Subsidiary  of 
Minnesota  Mining  and 
Manufaelufing  Cornpany 


(A)  A-MP  “53”  SERIES  TAPER  PINS 

. . .  insulated  sglid.  screw  machinea 
or  uninsulated  formed  pins  to  mate 
with  tapered  receptacles.  Both  types 
provide  noise-free,  low  resistance  elec-, 
trical  characteristics. 


(B)  A-MP  "53”  SERIES  TAPER 
BLOCKS  .  .  .  .are  available  in  either 
solid  blocks  or  two  piece  blocks . . .  10 
or  20  cavity  series . . .  single  or  dual 
insert. 


(C)  A-MP  TAPER  TAB  RECEPTACLES 

.  accommodate  flat  tabs  employing 
the  taper  key  principle  . . .  feature 
standafdized  tapered  section  to  fit 
relays,  stepping  switches,  multiple 
connectors  and  other  electronic  cbm 
ponents. 


(D)  A-MP  MINIATURE  TAPER  PIN  RE¬ 
CEPTACLES  .  .  .  eliminate  tedious  and 
eostly  operations  of  soldering  leads  to 
miniature  connectors .  .  .  use  A-MP 
”37”  Series  Pins. 

Bulletin  S’ umber  77 


AMP  PATCHBOARD  TECHNIOUE 


AMP  Lok  MULTIPLE  CONNECTORS 


A4»  PATCHCMD  PAO—AMMWa 
SYSTEMS  AND  PAICLS  offer  tremen¬ 
dous  versatility  and  flexibility.  Ex¬ 
clusive  feature  of  A-MP  Systems  is 
wiping  action  of  pins  against  springs 
for  clean  contacts.  A-MP  Universal 
Patchcord  Programming  Systems  and 
Panels  we  excellent  for  digital  com¬ 
puters,  data  processing  equipment  and 
automatic  test  equipment.  A-MP 
Shielded  Patchcord  Programming 
Systems  and  Panels  are  excellent  for 
analog  computers,  telemetering  equip¬ 
ment,  test  equipment  and  other  low 
level  applications  where  reliable  shield¬ 
ing  is  required.  Patchcords  are  made  in 
a  comply  series  for  all  programming 
requirements. 


A-MP*  “240”  SYSTEMS  ...  offer 
complete  reprogramming  in  seconds  in 
airborne  applications.  The  compact 
‘740"  System  weighs  3M  pounds  and 
features  240  patchcord  receptwles'for 
maximum  program  combinations.  It, 
too,  features  the  exclusive  wiping  wtion 
to  assure  optimum  electrical  contact  at 
all  times. 

Bulletin  Number  58 


AMP-LOK  CONNECTOtS ...  we  made 
in  3, 6. 9,  or  12  circuit  units ...  the  most 
versatile  multiple  connectors  available 
to  the  electronics  industry.  Self  anchor¬ 
ing  units  require  no  extra  mounti  ng  pa  rts 
for  through-panel  applications.  Alt  con¬ 
tacts  are  identical  and  self  cleaning . . . 
recessed  for  safety.  Fingw  grip  engage¬ 
ment  and  disengagement  of  housing 
which  is  polarized  to  eliminate  circuit 
wror.  AMP-lok  will  accommodate  a 
wide  range  of  panel  thicknesses... may 
be  color  coded.  AMP-lok  may  also  be 
used  with  complete  safety  as  a  free 
hanging  multiple  connector. 

Bulletin  Number  55 
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Information  concerning  any 
termination  problem  will  be 
forwarded  on  request.  For  literature 
on  the  above  products,  write,  giving 
bulletin  numbers  desired,  to: 
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AMP  Incorporated 
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(A)  TERMASHIFLD  SHIELDED  WIRE 
FERRULES . . .  assure  positive  ground 
ing  of  wire  shield ;  .  eliminate  solder, 
danger  of  burning  insulation  and  un¬ 
certain  attachment  . .  feature  one 
piece  construction  .  accommodate 
one  or  more  grounding  wires 


(B)  TERMASHIELD  SHIELDED  WIRE 
SPLICES  join  sections  of  shielded  wire 
so  that  both  the  inner  conductors  and 
outer  shields  are  firmly  spliced,  with 
the  two  effectively  insulated  They 
eliminate  multi-stage  assembly  or 
soldering  ...  color  coded  for  match 
mating  with  application  tooling  and 
wire  sizes. 


(C)  TERMASHIELD  7MM  SHIELDED 
CABLE  FERRULES  permanently 
ground  shielded  high  tension  cables 
. .  prevent  wire  damage  during  attach¬ 
ment  . . .  won't  loosen  or  vibrate  fc 
cause  poor  ground  or  rf  noise . .  re 
move  danger  of  sparking  . .  offer  easy, 
four-step  attachment. . .  seat  precisely 
into  applicable  joints.) 

Bulletin  Xuviber  2i 


TERMINALS  AND  SPLICES 


(A)  AMP-CDSC  TEIMINALS  .  .  . 
Mwre  tioRNMrt  alKtrical  contact  wiA 
frictioa  irippift  and  poiitivt  wipinf 
action . . .  apply  aaaity  to  any  aaction 
of  tha  parimatar  of  ttw  printad  drcnit 
board ...  raduca  coat  of  application 
to  wira  condvctor  and  to  board. 


(A)  STRATO-THEMITEMniALS  AM 
SPIIGCS  ...  for  high  temperature  and 
heat  resistant  requirements . . .  accom¬ 
modate  a  wide  range  of  wire  sizes  either 
solid  or  stranded  or  both... with  or 
without  fully  drcumferential  wira  in¬ 
sulation  sup()ort  as  desired. 


(B)  AMPta  TEMMALS  . . .  eliminata 
loose  leads  during  solder-dip  operation 
...promote'  good  capill^  action 
during  soMar  dipping . . .  accommodate 
solid  or  stranded  conductors ...  are 
self  retaining  and  self -aligning. 


(B)  CERTI-SEAL  MmSTUtE  PMOF 
WWDOW  sniccs  . . .  seal  out  vapors 
and  fluids  even  at  altitude  to  assure 
dry  splice ...  accommodate  over  100 
insulation  thicknesses . . .  resist  heavy 
vibration  and  shock. 


(O  AMP  COMPONENT  TIPS ...  pre¬ 
vent  movement  of  components  during 
solder  dipping  cycle ...  permit  bridging 
or  offsetting  of  components...  protect 
semi -conductor  leads  from  solder  dip¬ 
ping  heat . . .  eliminate  need  for  eyelets 
and  thru-plating  on  two-sided  boards, 
by  excellent  solder  wkking  charac¬ 
teristics  and  uniform  solder  deposit 
BvlUtin  Sumbtr  81 


(C)  OTHEN  A-MP  TERMMALS  ANO 
SPLICES  .  .  .  designed  for  the  most 
diverse  circuitry  requirements . . .  strin¬ 
gently  tested  for  corrosion  resistance, 
vibration  resistance,  conductivity  and 
long  life . . .  ideal  for  all  types  of  elec¬ 
tronic  equipment. 

BvUetin  Number  S7 
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A'MP  products  and  engineering  assistance  are  available  through  wholly- 
owned  subsidiaries  in:  Canada  •  England  •  France  •  Holland  •  Japan 
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Precision  switches  for  every  design  requirement 
. . .  pius  nationwide  topfiight  engineering  service 


The  very  variety  of  shapes  and  sizes,  actuators 
and  mountings  of  the  sixty  or  so  switches  illus¬ 
trated  here  may  suggest  an  answer  to  a  switch¬ 
ing  problem.  And  tliese  switches  suggest  the  scope 
of  the  MICRO  SWITCH  precision  switch  line,  num¬ 
bering  thousands  of  switches  with  mechanical 
and  electric^  characteristics  to  meet  nearly  any 
need. 

Control  of  quality  is  as  complete  as  the  line  itself. 
Successful  development  of  precise,  reliable 
switching  components  has  made  micro  switch 
the  leader  in  the  industry. 

And,  to  complete  the  picture  of  micro  switch 


as  your  best  first  source  for  precision  switches, 
the  competent  counsel  of  micro  switch  field 
engineers  in  branch  offices  across  the  country  is 
available  to  help  you  save  time  in  switch  selection. 

You  are  invited  to  call  the  branch  office  near  you 
for  information  about  any  of  the  switches  shown, 
or  for  help  on  a  specific  problem.  Consult  the 
Yellow  Pages. 


MICRO  SWITCH  .  .  .  FREEPORT,  ILLINOIS 

A  division  of  Honeywell 

In  Canada:  Honeywell  ControU,  Ltd.,  Toronto  17,  Ontario 


Honeywell 

MICfiO  SWITCH  PRECISION  SWITCHES 
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CANNON  PLUG  HARNESS  SYSTEMS...  ^ 


AN  EXTENSION  OF  RELIABILITY... Cannon  Plug  Harness  Systems  feature  MS,  or  other  specified 


plugs,  and  cables  as  one  complete  on/<— extending  the  Cannon  responsibility  to  the  cable  system 
as  a  whole.  Supplementing  its  capabilities  as  the  world's  largest  manufacturer  of  electrical  plugs 
Cannon  Electric  has  filled  the  need  for  greater  reliability  by  pioneering  custom  “harnessed  plug 
systems"  for  such  companies  as  Douglas  Aircraft.  Cannon  facilities  perform  all  phases  of  development, 
from  engineering  through  model  and  pilot  fabrication  and  provide  a  single  source  of  supply  for  both 


plugs  and  harness  assemblies.  The  extensive  testing  laboratories  assure  ready-for-installation  deliv¬ 


eries  with  no  pyramiding  of  costs  and  a  maximum  of  reliability.  Write  for  Harness  Catalog  HC-1. 
Cannon  Electric  Company— 3206  Humboldt  Street,  Los  ’ 


Angeles  31,  California.  Please  refer  to  Department  120. 
Factories  in  Los  Angeles,  Santa  Ana,  Salem.  Toronto, 


London,  Paris,  Melbourne  and  Tokyo.  Distributors  and 


Representatives  in  all  of  the  principal  cities  of  the  world. 


CANNON 

iPLUGS 


J 
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Non-stop  relay  station 

for  military  messages! 


Kleinschmidt  equipment  receives  and  instantly  re-transm’rts  thousands  of  printed 
communications  daily  at  the  Army’s  Switching  Center,  Davis,  California. 


At  one  of  the  largest  installations  in  the  U.  S.  Army's  teletypewriter  network,  Kleinschmidt  reperforator* 
transmitters,  teletypewriters  and  related  equipment,  developed  in  cooperation  with  the  U.  S.  Army  Signal 
Corps,  receive  and  automatically  relay  the  vast  load  of  military  communications  for  the  Pacific  overseas 
area  and  western  United  States.  With  related  switching  equipment,  incoming  messages  are  scanned  and 
re-transmitted  without  manual  handling  ...  so  rapidly  that  the  first  portion  of  a  relayed  message  it, 
received  at  its  destination  before  the  latter  part  has  been  transmitted  from  point  of  origini 

Research  and  development  of  equipment  for  transmitting  and  receiving  printed  communications  has  been 
a  continuing  project  at  Kleinschmidt  for  almost  60  years.  This  unparalleled  store  of  experience,  now  joined 
with  that  of  Smith-Corona  Inc,  holds  promise  of  immeasurable  new  advances  in  electronic  communications. 


DIVISION  OF  SMITH-CORONA  MARCHANT  INC.,  DEERFIELD,  ILL. 

Pioneer  in  teleprinted  communications  systems  and  equipment  since  1911 
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Manufacturing  Semiconductors,  other  Electronic  Parts 
calls  for  ultra-pure  **Electronic  Grade”  Chemicals 


Impurities  in  the  chemicals  you  use 
may  be  a  hidden  cause  of  poor  quality 
and  high  rejection  ratios  for  semi¬ 
conductors  and  other  electronic 
parts.  That’s  why  you  need  ultra- 
pure  B&A  “Electronic  Grade” 
chemicals.  Developed  especially  for 
the  electronic  industry  by  America’s 
leading  producer  of  laboratory  and 
scientific  chemicals  —  Baker  & 
Adamson— they  are  distinguished  by 
carefully  controlled  assay  and  re¬ 
markably  low  limits  on  impurities. 

For  example:  the  exceptional  pur¬ 
ity  of  B&A  “Electronic  Grade”  Sol¬ 
vents  is  made  possible  through  a  new 
analytical  technique  invqjving  resis¬ 
tivity  measurements  to  detect  and 
control  trace  impurities.  This  spe¬ 


cial  quality  control  method  for  B&A 
“Electronic  Grade”  solvents  elimi¬ 
nates  one  more  variable  in  the  pro¬ 
duction  of  electronic  devices  and 
significantly  reduces  rejection  ratios. 

Many  B&A  “Electronic  Grade” 
chemicals  are  now  available.  ’They 
are  listed  here.  To  meet  special 
needs,  other  high  purity  chemicals 
can  be  custom-made  to  your  specifi¬ 
cations. 

B&A  "ELECTRONIC  CRAOr  CHEMICALS 

Acetone 

Aluminum  Nitrate,  Crystal  and  Basic 
Barium  Acetate 
Barium  Nitrate 

Calcium  Nitrate,  Tetrahydrate 
Carbon  Tetrachloride 
Ether,  Anhydrous 


Hydrofluoric  Acid,  48% 

Hydrogen  Peroxide,  3% 

Hydrogen  Peroxide,  30% 

Hydrogen  Peroxide,  30% 

“Stabilized” 

Methyl  Alcohol,  Absolute  (Methanol) 
"Acetone  Free” 

Propyl  Alcohol,  Iso 
Sodium  Carbonate,  Monohydrate 
Strontium  Nitrate 
Trichloroethylene 

Other  B&A  chemicals  for  electronics 
include: 

High  purity  Germanium— Dioxide,  First  Re¬ 
duction  Metal,  Intrinsic  Metal 
Metallic  oxides,  carbonates  and  oxalates 
for  ferrite  cores 

Fluoborates  for  plating  printed  circuits 
Sulfur  Hexafluoride  for  gaseous  insulation 

Write  today  for  free  folder  on  B&A 
“Electronic  Grade”  chemicals. 


BAKER  ADAMSON® 

'*El«otronte  Oraid**’ 
Ch«mio»la 


Q 


Mied 


hemical 


GENERAL  CHEMICAL  DIVISION 

40  R*ctor  StrMt,  N«w  York  0,  N.  Y. 
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Designed  for  Application 
Grid  Dip  Meters 


Millen  Grid  Dip  Meten  are  arailable  to  meet  all  Tarioos  laboratory  and 
acrriciog  requiremeotii. 

Tbe  90662  Industrial  Cirid  Dip  Meter  oompleteljr  calibrated  for  laboratory 
nae  with  a  range  from  225  kc.  to  300  me.  inoorporates  features  desired  for 
both  industrial  and  laboratory  application,  including  three  wire  grounding 
type  power  cord  and  suitable  carrying  case. 

The  90661  Industrial  Grid  Dip  Meter  is  similar  to  the  90662  except  for  a 
reduced  range  o  1.7  to  300  me.  It  likewise  inoorporates  the  three  urire 
grounding  type  cord  and  metal  carrying  case. 

llie  90651  Standard  Grid  Dip  Meter  is  a  somewhat  less  expensire  rersion 
of  the  grid  dip  meter.  The  calibration  while  ad^uate  for  general  usage 
is  not  as  complete  as  in  the  case  of  the  industrial  noodel.  ft  is  suppli^ 
without  grounding  lead  and  without  carrying  case.  The  range  is  1.7  to 
300  me.  Extra  inductors  arailahle  extends  range  to  220  kc. 

The  Millen  Grid  Dip  Meter  is  a  calibrated  stable  RF  oscillator  unit  with 
a  meter  to  read  grid  current.  The  frequency  determining  coil  is  plugged 
into  the  unit  so  that  it  may  be  used  as  a  probe. 

These  instruments  are  complete  with  a  built-in  transformer  type  A.C. 
power  supply  and  internal  terminal  board  to  provide  connections  for 
battery  operation  where  it  is  desirable  to  use  the  unit  on  antenna  measure¬ 
ments  and  other  usages  where  A.C.  power  is  not  available.  Compactness 


has  been  achieved  without  loss  of  performance  or  convenience  of  usage. 
The  incorporatioo  of  the  power  supply,  oscillator  and  probe  into  a  single 
unit  provides  a  convenient  device  for  checking  all  (yiM  of  dreoits.  Tbe 
indicating  instrument  is  a  standard  2  inch  General  Electric  instrument 
with  an  easy  to  read  scale.  The  calibrated  dial  is  a  large  205°  drum  dial 
which  provides  seven  direct  reading  scales,  plus  an  additional  universal 
scale,  all  with  the  same  length  and  readability.  Each  range  has  its  indi¬ 
vidual  plug-in  probe  completely  enclosed  in  a  contour  Btting  polystyrene 
case  for  assurance  of  permanence  of  calibration  as  well  as  to  prevent  any 
possibility  of  mechanical  damage  or  of  unintentional  contact  with  the  , 
components  of  tbe  circuit  being  tested. 

The  Gride  Dip  Mt*er$  may  be  used  os: 

1.  A  grid  Dip  Oscillator 

2.  An  Oscillating  Detector 

3.  A  Signal  Generator 

4.  An  Indicating  Absorption  Wavemeter 

The  most  common  usage  of  the  Grid  Dip  Meter  is  as  an  oscillating 
frequency  meter  to  determine  the  resonant  frequencies  of  de-energised 
tuned  circuits. 

Sise  of  Grid  Dip  Meter  only  (leas  probe):  7  in.  x  3Hs  in.  x  3H  in. 


.1 AMKS  MIMJ'A  fM|. 

I  MAIN  CUM  l  \M>  I- \(.roHY, 

i  M  ALDEN.  M  ASSACHUSETTS,  U.S.  A.  ^ 

1  O 
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designed  to  give  you  this  same 
reli^d3ility  you’ve  come  to  expect  from 
Sylvania’s  full  line  of  NPN  types 


Here  is  an  importantjine  of  PNP  switching  transistors 
to  complement  Sylvania’s  line  of  NPN  types.  Manufac¬ 
turing  techniques  developed  for  producing  high-tem¬ 
perature  stability  in  NPN  types  have  been  incorpbrated 
in  these  new  PNP  switching  transistors.  For  designers 
this  means  the  high  reliability  and  stability  synonymous 
with  Sylvania  NPN  types,  and  permits  circuit  designs 
which  take  full  advantage  of  the  complementary  aspects 
of  NPN  and  PNP. 

These  transistors  feature 'a  new  hermetically  sealed 
inverted  base  TO-5  package  which  offers  better  heat 
dissipation  to  easily  provide  up  to  150  mw  at  25*’C. 

Electrical,  mechanical,  and  environmental  tests  ap¬ 
plied  to  these  PNP  transistors  are  in  accordance  with 
MIL-T-19600A. 


nCHNICAL  DATA 
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Sylvania  Elscthic  Products  iNa 
1740  Broadway,  New  York  19,  N.Y. 

In  Canada:  P.O.  Box  1190,  Station  “O’* 
Montreal  9 
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for  UNIQUE,  L.OW 


Sturdy  little  Stackpole  Slide  Switches  provide 
almost  any  desired  switching  arrangement  at 
rock-bottom  cost. 

Features  include  1-  and  3-ampere,  125 
volt  ratings  in  U.L.  Inspected  types;  1-  to  4- 
pole  types  with  up  to  4  positions;  momentary 
or  maintained  contact  designs;  lug,  printed  wir¬ 


17  BASIC  TYPES. 


ing  or  solderless-wrap  terminals;  and  many  spe- 
dtd  types  such  as  plunger-operated,  spring- 
return,  4-gang,  and  many  more. 

Complete  details  are  in  Stackpole  Bulletin 
RC-llD.  Send  for  your  copy  to;  Electronic 
Components  Div.,  Stackpole  Cabbon  Company, 
St  Marys,  Pa. 


• .  the  moMt  comptefe  line 


DP-DT,  3  ampere 
Typ.  SS-33 


DP-DT,  O.S  amp, 
Spring-return  Type  S$-S 


4-Po«ition 
Type  SS-18 


SP-DT,  4-gang 
Type  SS-31 


SP-DT,  3  ampere 
Type  SS-76-1 


SP-DT,  3  omp, 
Spring-return  Type  SS-9 


3-Position,  3  ampere 
Type  SS-31 


SP-ST,  Pushbutton 
Type  SS-1S 


SP-DT,  1  ampere 
Type  SS-33 


3-Position,  0.5  ampere 
Type  SS-16 


SP-DT,  3  amp. 
Spring-return  Type  SS-37 


3  Pole-Double  Thi 
Type  SS-I 


CoMte  TSf#  fiaod  eompositton  r«Tttert  •  Snap  and  Slid#  Switchaa  •  Caramage  farromagnalte  com 
Variable  cotnpoiition  resistors  •  Ceramateat#  ceramic  magnets  •  Fined  composition  cepacitora 
Iruahas  for  sdt  rotating  elactrical  eguipmant  •  Bactrkal  contacts  •  Hwidrods  of  rolaiad 
carbon  graphita  and  motal  powder  products. 
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ARR  ANGEMI  ENTS 

• . .  for  radio  and  television  receivers,  audio  equipment, 
instruments,  toys,  motorized  appliances  .  .  .  and  a 
host  of  other  electrical  and  electronic  uses. 


8  New  Knob  Colors 

m  •  •  A  Modern  Touch  In  Slide  Switches 

Pacing  trends  in  modem  decorative  styl¬ 
ing,  the  molded  plastic  knobs  of  Stack- 
pole  Slide  Switches  are  now  available  in 
a  variety  of  attractive  colors.  Priced 
scarcely  higher  than  types  with  black 
knobs,  the  new  switches  are  designed  to 
harmonize  or  lend  greater  visibility  and 
emphasis  to  important  switch  functions. 

TOPS  FOR  PRINTED  CIRCUITS— All  Stockpole  Slide  Switches  can 
be  supplied  with  special  gold-coated  terminals  for  quick  assembly 
in  modern  dip-soldered  printed  circuit  chassis. 

TERMINALS  SHIELDS — Snap-on,  fibre-insulated  shields  are  avail¬ 
able  for  most  Stackpole  switches  when  necessary  to  meet  U.  1. 
requirements  or  to  shield  audio  circuits  against  stray  a-c  fields. 
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Swift,  simple,  accurate 


Average-reading  termination  instruments 
15  to  500  watts;  20  MC  to  1,000  MC 


Siarro  185A-15FN  Wattmelar 


Bi-directional;  measure  incident  or 
refleaed  power;  10  MC  to  1,000  MC 


Sierra  Termination  Wattmeters  and  Bi-directional  Power 
Monitors  are  specifically  engineered  for  convenient,  ac¬ 
curate  measurement  of  rf  power,  incident  and  reflected 
power;  matching  antennas  and  loads;  and  terminating 
rf  coaxial  systems. 

Three  Model  185A  series  Average-Reading  Termination 
Wattmeters  cover  three  power  ranges  as  indicated  under 
"Specifications”.  These  rugged,  dependable  instruments 
require  no  auxiliary  power  source,  and  are  ideal  dummy 
loads  for  testing  and  adjusting  CW,  AM  and  FM  trans¬ 
mitters  and  oscillators.  They  are  conservatively  rated, 
with  negligible  rf  leakage. 

Sierra  164  series  Bi-directional  Power  Monitors  are  di¬ 
rect-reading,  versatile  instruments  covering  10  MC  to 
1,000  MC  with  as  few  as  two  plug-in  elements.  A  wide 
selection  of  plug-ins  permits  measurement  of  incident  or 
reflected  powers  over  all  ranges  from  1  to  1,000  watts. 
Reversal  of  power  flow  is  achieved  simply  by  turning  a 
control  knob  on  the  plug-in  element  in  use.  High  direc¬ 
tivity  and  low  VSWR  insure  maximum  accuracy  with 
minimum  disturbance  to  the  transmission  line  under  test. 


Sisrra  164  Power  AAenitor 


SPECIFICATIONS 

SIERRA  185A  SERIES  WATTMETERS 


iLrrt.1,.1  Fr*>n.,«ww  Power  Range,  Max.  Power 

Model  Frequeoer  Dissipation 

185A-15FN  20  MC- 1,000  MC  0-5/15  15  watts 

185A-100FN  20  MC-  1.000  MC  0-30/10  100  watts 

185A-500FN  20  MC- 1,000  MC  0-150/500  500  watts 

Accuracy  d:5%  full  scale.  Max.  VSWR  1.2.  Type  N  female  connectors 
standard. 


SIERRA  164  SERIES  POWER  MONITORS 


(Monitors  require  plug-in  element  for  operation.  See 
180/181/270  Series  data  below) 

Insertion  VSWR:  Less  than  1.08  except  on  1  watt  ranges; 

less  than  1.15  on  1  watt  (with  Type  N  connector) 
Accuracy:  d:  5%  full  scale,  all  ranges 

Impedance:  50  ohm  coaxial  line 

Weight:  7^2  fb*-.  with  1  plug-in 

Connectors:  N,  UHF  or  C*.  (♦Special  order) 


SIERRA  POWER  MONITOR  PLUG-INS 


Model 

180-52 

180-148 

180- 470  □ 
180-1000 

181- 250 
181-1000 
270-75 


Power  Ranges 
1,  5, 10,  50  watts 
1,  5, 10,  50  watts 
1,  5, 10,  50  watts 
1,  5, 10,  50  watts 
10,  50, 100,  500  watts 
10,  50, 100,  500  watts 
50, 100,  500, 1,000  watts 


Data  subject  to  change  without  notice 

SIERRA  ELECTRONIC  CORPORATION 

A  SUBSIDIAKY  Of  fHILCO  COaPOHATION 
4202  80HANNON  DRIVE  •  MENLO  PARK.  CALIFORNIA,  U.SA. 
SALES  tEPEESENrATIVES  IN  MAJO»  CITIES 
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A  MISSILE  AND  TELEVISION  INDUSTRY  FIRST.  Lockheed-developed,  miniaturized  TV  cameras,  designed  for  both 
government  and  commercial  use.  Only  6  inches  long  and  2 ‘A  inches  in  diameter,  tiny  cameras  extend  mun's  vision  into  the 
unexplored.  Unmanned  lunar  probes  to  the  far  side  of  the  moon:  lunar  landings:  monitoring  interiors  of  manned  spacecraft  and 
remote  TV  coverage  of  on-the-spot  happenings  on  a  scope  never  before  possible  are  some  of  the  uses  foreseen  for  the  cameras. 


Lockheed  Missile  Systems  Division  is  systems  manager  for  such 
major,  long-range  programs  as  the  Navy  Polaris  IRBM,  Earth 
Satellite,  Army  Kingfisher,  Air  Force  X-7  and  Q-5  ramjet  vehicles, 
and  other  imptortant  research  and  development  programs. 
Responsible  positions  for  high-level,  experienced  personnel 
are  available  in  research  and  development,  in  our  project 
organizations,  and  in  manufacturing. 

Particular  areas  of  interest  include  microwave,  telemetry,  radar, 
guidance,  solid  state,  reliability,  data  processing,  instrumentation, 
servomechanisms,  flight  controls,  circuit  design  and  systems 
analysis,  test,  infrared,  and  optics. 

If  you  hold  a  degree  and  are  experienced  in  one  of  the  above  fields, 
we  invite  your  inquiry.  Please  write  to  Research  and  Development 
Staff,  Dept.  2212,  962  W.  El  Camino  Real,  Sunnyvale,  California. 

Lockheed 

MISSILE  SYSTEMS  DIVISION 

SUNNYVALE.  PALO  ALTO.  VAN  NUYS.  SANTA  CRUZ.  SANTA  MARIA.  CALIFORNIA 
CAPE  CANAVERAL.  FLORIDA  •  ALAMOGORDO.  NEIW  MEXICO 


ELECTRONIC 
ENGINEERS  AND 
SCIENTISTS 


% 


ACCBLBRONMrrBRS 

These  precision  inertial  sensing  devices  offer  practically 
zero  cross-talk,  extra  wide  temperature  range  and 
precision  poteniiomeier  or  magnetic  pickoffs.  Models 
available  for  angular  or  linear  measurement.  Dry  gas 
damped,  hermetically  sealed. 


These  specialized  gyros  operate  switches  when  a  pre¬ 
determined  rate  of  turn  is  reached.  Extremely  light 
weight.  Dry  gas  filled  and  employing  dry  gas  dampers 
that  remain  constant  over  full  temperature  range.  Wide 
selection  of  rates  available. 
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RATB  SWrrCHKS 


ELECTRO- MECHANICAL  INSTRUMENTS 


ROTKNTIOMKTBRS 

Precision  rectilinear  and  rotary  instruments.  Wire 
wound.  For  direct  mounting  in  aircraft  or  missiles. 
Operational  to  400*  F.  Able  to  take  tough  environ¬ 
mental  conditions,  such  as  vibration  25G.  10  to  2.000 
cps,  and  shock  of  lOOG  while  operating. 


DEPT.  E-128,  2805  CANON  STREET 
SAN  DIEGO  6,  CALIFORNIA 


NBW  SIRVOTRAN 
VARIABI.B  SRBRO  DRIVB 


Offers  frequency  response  equivalent  to  a  hydraulic 
system  and  triple  that  of  an  electrical  system  in  a 
dependable  mechanical  drive  weighing  only  1  ^  lbs. 
A  maximum  of  only  two  inch  ounces  on  the  control 
shaft  changes  speed  from  full  forward  to  full  reverse 
in  .05  second.  Ideal  for  actuators,  computers,  recorders 
and  radar  antennas. 


Guidance  and  Control 
Instruments  by  Humphrey 


PRKB  AND 
VBRTICAL  OVROS 

New  interchangeable  motors 
make  it  possible  to  power  these 
instruments  with  d-c,  400-cycle 
a-c  or  1500-cycle  invertei;. 
Offered  with  a  variety  of  pick¬ 
offs.  including  potentiometer, 
synchro  or  switch.  Electrical  or 
manual  caging. 


The  Humphrey  design  provides 
a  wide  dynamic  range  with  pre¬ 
cision  potentiometer  or  variable 
transformer  output.  Three  basic 
units  available,  all  in  hermeti¬ 
cally  sealed  cases  with  choice  of 
a-c  or  d-c  motors. 


64 


December  5,  1958  —  ELECTRONICS  engineering  issue 


FROM  FAIRCHILD 


MESA 

TRANSISTORS 
IN  SILICON 


Greatly  enlar(ed  photo 
of  Fairchild  2N696 
before  capping 


80  milli-micro-Mcond  rise  time  with  2  watts  power  dis¬ 
sipation  at  25*  C.  This  speed  and  power  is  combined  with 
silicon’s  superior  high -temperature  reliability.  The  switch¬ 
ing  performance  that  this  affords  has  a  place  in  every 
advanced-circuit  evaluation  program. 

Double-diffused  mesa-type  construction  provides  mechan¬ 
ical  ruggedness  and  excellent  heat  dissipation  besides 
being  optimum  for  high-frequency  performance  (typical 
gain -bandwidth  product  80  Me).  This  type  is  under  intense 
development  everywhere.  Fairchild  has  it  in  production. 

Quantity  shipments  now  4>eing  made  give  conclusive  proof 
of  the  capabilities  of  Fairchild's  staff  and  facilities.  We  can 
fill  your  orders  promptly.  You  can  start  immediately  on 
evaluation  and  building  of  complete  prototype  equipment. 
Gearing  to  your  future  production  needs,  Fairchild  will  have 
expanded  facilities  to  over  80,000  square  feet  by  early  '59. 

2NgM  Mid  2IM«7  —  am  SILICON  TtANSISTORS 


SyaWal 

Spacificatiaa 

Rating 

Charactaristics 

Tast  Canditiaos 

'^CE 

Collactor  to  Emittar 
volUfe(25*C.) 

40v 

Total  dissipation  at 
2S*C.  Casa  tamp. 

2  watts 

"fe 

O.C.  currant  gain 

2N696— IS  min. 

l»-=150ma 

2N697— 30  min. 

Vp-lOv 

"cs 

Collactor  saturation 

6a  typical 

l^^lSOma 

rasistance 

10a  max. 

Ig  -^  ISma 

••f# 

Snvall  signal  currant 

4  typical 

I.^SOma 

gain  at  f=^20Mc 

Vc-lOv 

far  data  abaats,  writa  Daft.  A-12 


SeMKOMOUCTCHt  COemtOTfOM 

a 

844  CHARLESTON  RD.  •  PALO  ALTO,  CALIF.  •  DA  6-6695 
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Eimac's  new,  high-power  4CW10,000A  is  ideal  for  use 
in  Class  ABj  single  sideband  service.  This  new  tetrode 
is  a  water-cooled  version  of  the  widely-used  Eimac 
4CX5000A,  with  plate  dissipation  capability  increased 
to  10,000  watts  and  a  peak  envelope  power  of  15,000 
watts.  Water-cooling  makes  the  4CW10,000A  excel¬ 
lent  for  heavy  duty  applications  where  reserve  plate 
dissipation  is  required. 

Eimac  offers  the  most  complete  line  of  tetrodes  with 
the  high-power  gain,  low  distortion  and  excellent 


stability  required  in  Class  AB^  operation.  Each  has 
proved  reserve  ability  to  handle  the  high  peak  powers 
encountered  in  single  sideband  service.  Efficient  in¬ 
tegral-finned  anode  coolers  on  the  air-cooled  types 
keep  blower  requirements  to  a  minimum,  allowing 
compact  equipment  design. 

Ceramic-metal  design  means  compactness,  rugged¬ 
ness,  high  performance,  and  reliability.  These  proved 
advantages  of  Eimac  ceramic  tetrodes  make  possible 
more  compact,  efficient  single  sideband  equipment. 


tMHt*  our  Application  Enpinooring  Daportmanl  for 
a  copy  of  Hio  lochnicol  bullotin  "Singlo  Sidobond." 


EITEL-McCULLOUGHg  INC. 

8AN  CARLOS,  CALIFORNIA 
with  ceramic  tubes  that  can  take  it 


0  Cable  address 
EIMAC 
San  Carlos 


II 


Plate  Voltage  .  .  . 
Driving  Power  .  .  . 
Peak  Envelope  Power 


CLASS  AB,  SSB  OPERATION 

4CX2SM  4CXKMM  4CX100M  - 

2000  V  2500  V  3000  v 

0  w  0  w  0  w 

325  w*  400  w  1680  w 

Q 


4CXS000*  4CW1t,OOM 

7500  V  7500  V 

0  w  0  w 

10,000  w  15,000  w 
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PERFECT  SURFACE  .  EXTREME  HARDNESS  . . .  LOW  COST 


6  t 


I 

I 

1 


—  all  this  and  more,  with  Linde  Sapphire! 


To  assure  dependability  under  the  most  severe  conditions, 
tiny  valve  poppets  and  seatsf  of  pilot  relief  valves  for  space 
vehicle  tanks  built  by  Whittaker  Cantrols  are  made  fiom 
Linde  Sapphire.  Linde  Sapphir4  was  selected  over  other 
materials  for  this  critical  use  becouie  of  its  perfectly 
smooth  surface,  extreme  hardness,  and  relatively  low  cost. 
Other  advantages  are  resistance  to  corrosion  and  fast 
deliveries  from  LiNDE. 

Among  other  properties  of  Linde  Sapphire  are  zero 
porosity,  great  strength  at  eleVated  temperatures,  and  a 
high  melting  point  of  2040  ,C.  LindE  Sapphire  is  trans¬ 
parent,  may  be  clear  or  red.  It  is  easily  sealed  to  metals  or 
ceramics  and  has  excellent  IR  transmission  characteristics. 

Linde  Sapphire  is  supplied  in  the  form  of  balfs,  rods, 
tubes,  domes,  and  special  shapes  to  order.  For  more  in¬ 
formation,  write  Crystals  Department,  LiNDE  COMPANY, 
Division  of  Union  Carbide  Corporation,  30  East  42nd 
Street,  New  York  17,  N.  Y.  In  Canada:  Linde  Company, 
Division  of  Union  Carbide  Canada  Limited. 


Pilot  section  of  this 
pressure  relief  volve  hot 
poppet  boll  red)  ond 
teof  of  Unde  Sopphtre 
Volve  was  designed  ond 
monufoctored  by  Whittaker 
Controls  Division  of 
Telecomputing  Corporation 


Linde  ond  Union  Corbidv 
ore  registered  trode  marks 
of  Union  Carbide  Corporo* 


Jw/ef  dmfoiA4  "f/Viie 


Tung-Sol/Chatham  power  triode  family 
.  covers  every  series  regulator  need  I 


Now  designers  can  specify  a  premium  quality  Tung-Sol/ 
Chatham  tulie  for  all  series  regulator  sockets.  Tung- 
Sol/Chatham’s  family  of  |)ower  triotles  —  the  first 
designed  and  produced  spcH'ially  for  serii's  regulator 
service  —  mwts  all  d<*sign  requirements  and  assures 
maximum  reliability  and  life  at  all  times. 

Types  include  the  new  100  Watters,  7241  and  7242, 
medium  mu  or  low  mu-high  current.  12  or  26  Volt 

TYPICAL  VALUES 

Total  Plate  Range  of  Tube  Minimum  Grid  Voltage 
Current  Voltage  Drop  Tube  Drop  Swing 


PERTINENT  CHARACTERISTICS  PER  TUBE 


heater  versions  available  on  most  types.  All  embody 
sturdy  construction  features  that  contribute  to  overall 
ruggedness  and  long  hours  of  heavy-duty  operation. 

Compare  the  ratings  lielow  against  your  particular 
application  !  If  you  desire  complete  data  sheets  .  .  . 
or  you  have  a  specific  design  problem,  contact  us 
today  !  We’ll  Ik*  glad  to  give  whatever  assistance  we 
can.  Just  write:  Tung-Sol  Electric  Inc.,  Newark  4,  N.  J., 
Commercial  Engineering  Offices:  Bloomfield  and  Liv¬ 
ingston.  N.  J.,  Culver  City,  Calif.,  Melrose  Park,  Ill. 


^TUNG-SOt 


TUBE  TYPES  BY  PLATE  DISSIPATION  RATINGS 
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Ju9t  published  bobbin  core 
guerenieed  performance  llmltel 


We  have  just  published  new  data  which  will  light  the  way 
to  ease,  sureness  and  accuracy  for  the  designer  who  works 
with  tape  wound  bobbin  cores. 

First— and  this  is  a  "first"— we  have  published  guaranteed 
maximum  and  minimum  performance  limits  for  all  of  our 
bobbin  cores.  Computer-type  designers  who  would  like  open- 
circuit  characteristics,  guaranteed  core  flux  and  guaranteed 
squareness  will  find  them  all  here. 

Second— and  this  too  is  a  "first”— we  have  published  the  first 
fundamenul  data  on  characteristics  of  bobbin  cores  for  cir¬ 
cuit  designers.  Need  core  total  flux  characteristics  as  related 
to  core  material?  Want  switching  time  vs  drive  levels?  How 
about  typical  spreads  of  core  characteristics?  It’s  all  yours. 

Third— and  this  too  is  a  "first"— we  automatically  give  you 
test  data  for  prototype  orders.  With  your  prototype  cores 
come  open<ircuit  outputs,  total  flux,  and  squareness  dau. 
You  get  a  basic  undersunding  of  the  core’s  characteristics 
under  specific  test  conditions.  More  important,  when  you 
re-order  production  quantities,  you  will  1^  able  to  duplicate 
the  core  around  which  you  designed  your  circuit. 


Last— but  still  a  "first”— to  show  that  we  manufacture  as  well 
as  publish,  we  have  designed  the  first  bobbin  core  protective 
cap  which  will  permit  normal  potting  procedures  for  all 
sizes  of  steel  and  ceramic  bobbins.  Our  "Poly  Caps”  have 
virtually  no  effect  on  dimensions— and  will  not  soften  or  de¬ 
form  under  manufacturing  or  operational  temperatures. 
We’d  like  to  show  you  samples. 

At  what  stage  do  you  want  to  start?  Whether  it’s  design  data, 
prototype  data  and  cores,  or  production  quantities  of  our 
"Performance-Guaranteed”  bobbin  cores— you  can  get  what 
you  need  by  writing  Magnetics,  Inc.,  Department  £--48, 
Butler,  Pennsylvania, 


miiBnimcs  me. 
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RELAYS 


65  Types  in  four  stock  models  mean  industrial 
sales  for  you.  Models  DOS,  DOSY,  DO,  and  CRU  are 
available.  Models  DO  and  DOS  fill  many  industrial 
needs  for  a  compact,  lightweight  relay  that  handles 
power  loads  usually  requiring  much  larger,  heavier 
units.  The  increased  operating  sensitivity  of  Model 
DOSY  relay,  equipped  with  twin  coils,  makes  it  adapt¬ 
able  to  a  wide  range  of  electronic  control  circuits,  such 
as  plate  circuit  controls.  Model  CRU  is  outstanding  for 
its  wide  range  of  available  contact  combinations,  its 
small  size,  and  rugged  constitution.  At  115  vac  or 
32  vdc,  noninductive  load.  Models  DOS  and  DOSY 
have  contact  ratings  of  IS  amp;  Model  DO,  10  amp; 
and  Model  CRU,  S  amp.  Available  in  a  wide  range 
of  coil  operating  voltages  and  contact  combinations. 


Write  on  company  letterhead  for  Catalog  58 


TWO  NEW  OHMITE  RELAYS 


Model  TT 


Molded  Module 


•  with  exclusive  “Molded  Module”*  contact  springs 

•  exceptional  sensitivity  for  small  size 

•,  designed  to  meet  aircraft,  military,  and  industrial 
applications 

*  patent  applied  for 

The  new  Models  TT  and  TS  relays  are  lightweight, 
yet  rugged., Paramount  among  the  design  innova¬ 
tions  is  the  revolutionary  “Molded  Module”  contact 
spring  construction.  The  “module”  is  a  standard, 
single-pole,  double-throw,  spring  combination  molded 
into  a  single  compact  assembly.  As  many  as  six 
modules  can  be  incorporated  into  a  relay  to  provide 
a  maximum  six-pole,  double-throw  combination. 
With  the  springs  rigidly  held  in  a  matrix  of  tough 
plastic,  alignment  of  the  springs  is  assured.  More 
accurate  alignment  of  all  the  subcombinations 
(modules)  on  the  relay  is  possible,  and  adjustment 
of  the  individual  contact  springs  is  easier  and  more 
permanent.  Diall  Phthallate,  the  molding  material,  is 
capable  of  withstanding  temperatures  to  400®F. 

A  contributing  factor  to  the  remarkable  sensitivity 
of  these  relays  is  the  design  of  the  armature  retain¬ 
ing  guard  to  minimize  undesirable  heel  gap.  A  wide 
variety  of  hermetically  sealed  enclosures  is  available. 


Coil  Wattage:  rated  nominally  at  .ISO 
watt  per  pole  at  an  ambient  tempera¬ 
ture  of  -l-20*C;  Coil  Operating  Voltage 
Range:  to  IIS  vdc;  Contact  Ratings: 
up  to  5  amperes  at  115  volts  ac  or  32 
volts  dc  noninductive,  with  standard 
contact  material,  palladium.  Other  ma¬ 
terials  can  be  supplied;  Contact  Combi¬ 
nations:  standard  combinations  are 
dpdt,  4pdt,  and  6pdt  (maximum).  Others 
can  be  furnished.  Weight:  approximately 
2  ounces  for  4  pdt  relay. 


Coil  WattaM:  rated  nominally  at  .250 
watt  per  pole  at  an  ambient  temperature 
of  -l-20°C;  Coil  Operating  voltage 
Range:  to  115  vdc;  Contact  Ratings: 
up  to  10  amperes  at  115  volts  ac  or  32 
volts  dc  noninductive  with  standard  con¬ 
tact  material,  silver-cadmium  oxide. 
Other  materials  can  be  supplied;  Contact 
Combinations:  standard  combinations 
are  dpdt,  4pdt,  and  6pdt  (maximum). 
Others  can  be  furnished.  Wei^t:  approxi¬ 
mately  3  ounces  for  4pdt  relay. 


Model  TS 


Molded  Module 


RHfOSTATS  RESISTORS  RELAYS 
TAR  SWITCHES  TANTALUM  CAPACITORS 
R.  P.  CHOKES  VARIARLE  TRANSFORMERS 


OHMITE  MANUFACTURING  €0. 

3410  Howard  Stroot,  SRokio,  Illinois 
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of  defense 


This  plastic  balloon,  resting  on  a  mobile  trailer  bed 
like  a  golf  ball  on  a  tee,  protects  the  new  Hughes  three- 
dimensional  radar  antenna. 

Frescanar,  the  exclusive  system  combining  high¬ 
speed  data  processors  and  a  frequency  scan'  radar 
antenna,  has  been  developed  by  Hughes  engineers  in 
Fullerton,  California. 

Sensitive  to  the  inadequacies  of  conventional  radar, 
these  Hughes  Fullerton  engineers  have  devised  a  radar 
antenna  whose  pointing  direction  is  made  sensitive  to 
the  frequency  of  the  electromagnetic  energy  applied  to 
the  antenna.  This  frequency  sensitivity  results  in  the 
radar  beam  being  radiated  from  the  antenna  at  differ¬ 
ent  angles,  depending  on  the  frequency  of  the  energy 
supplied.  With  the  supply  of  a  succession  of  frequen¬ 
cies,  the  antenna  beam  can  be  moved  through  a  suc¬ 
cession  of  positions.  Utilizing  this  advanced  technique, 
range,  bearing  and  altitude  can  be  detected ...  on  a 
single  antenna. 

This  Hughes-developed  radar  system  has  been  com¬ 
bined  with  compact,  high-speed  Hughes  data  proces¬ 
sors  to  provide  a  completely  self-sufficient,  mobile 
radar  defense  system. 

Other  Hughes  projects  provide  similarly  stimulating 
outlets  for  creative  engineering  talents.  Current  areas 
of  Research  and  Development  include  Advanced  Air¬ 
borne  Electronics  Systems,  Space  Vehicles,  Nuclear 
Electronics,  Subsurface  Electronics,  Ballistic  Missiles 
. . .  and  many  more.  Hughes  Products,  the  commercial 
activity  of  Hughes,  has  assignments  for  imaginative 
engineers  for  research  in  semiconductor  materials  and 
microwave  tubes. 

The  diversity  and  advanced  nature  of  Hughes  proj¬ 
ects  provides  an  ideal  environment  for  the  engineer 
or  physicist  interested  in  advancing  his  professional 
status. 


The  Hughes  Comnianicatioiis  Laboratories  have  as  one 
objective  the  development  of  systems  capable  of  deflecting 
their  signals  from  meteors,  artiflcia'  satellites  and  even  the 
moon. 


This  photomicrograph  of  an  etched  silicon  sphere  is  used 
in  basic  studies  of  semiconductor  materials  at  Hughes  Prod¬ 
ucts,  the  commercial  activity  of  Hughes. 


Afi  immediate  need  now  exists  for  engmeert  m  the  following  areas: 

Microwave  &  Storage  Tubes  Reliability  Engineering 
Field  Engineering  Systems  Analysis 

Quality  Control  Circuit  Design 

Semiconductors  Communications 

Digital  Computer  Engineering  Radar 

IVntr  in  confidence,  to  Mr.  Phil  S.  Scheid, 

Hughes  General  Offices,  Bidg.f-G-t„Cul¥tr  City,  CaUfomia. 


O  <*SS.  HUOHIS  AIRCnAFT  COMPANY 


The  IVest’s  leader  in  advanced  ELECTRONICS 

^ - , 

HUGHES 

I _ I 

HUGHES  AIRCRAFT  COMPANY 

Culver  City,  El  Segundo, 

Fullerton  and  Los  Angeles,  California 
Tucson,  Arizona 
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FIELD  OFFlCtfti  NEW  VOfIK  •  CHICAGO*  DETflOlT 


1 

Get  Lower  Costs  —Better  Performance  with 


COMPONENTS 


General  Plate’s  exclusive  PT*  solid  phase  bonding 
process  is  now  being  used  to  continuou^y  clad  one  or 
more  stripes  of  contact  metal  to  any  desired  base 
metal  —  above  the  surface  or  flush  —  without  con 
taminants  introduced  by  bonding  agents. 

The  result?  A  new  STRIPE  CONTACT  STOCK 
which  can  be  fed  through  automatic  high  speed  presses 
for  L-O-W  cost  production  of  electrical  switching 
components. 

Here  are  extra  benefits  —  (1)  contacts  made  of 
General  Plate  STRIPE  CONTACT  STOCK  have  the 
best  possible  electrical  and  thermal  conductivity,  be¬ 
cause  the  metals  in  them  are  directly  and  permanently 
joined,  eliminating  sources  of  localized  resistance 
(2)  STRIPE  CONTACT  STOCK  goes  through 
forming  tools  like  a  single  metal,  eliminating  dimen 
sional  tolerances  involved  in  assembling  small  separate 
pieces  —  (3)  parts  are  ready  for  production  as  you 
receive  them  —  save  you  time  and  the  handling  of 
blanking  scrap,  freeing  extra  dollars  to  work  for  you 
elsewhere. 

With  41  years  of  metal  bonding  experience 
behind  the  emphasis  now  being  put  on  improved 
electrical  contacts  and  contact  materials  at 
M  &  C,  it  will  pay  you  to  investigate  the 
General  Plate  line.  We  offer  —  complete 
technical  information  —  engineering  design 
assistance  —  samples  —  on-time  deliveries. 

Our  competent  Field  Engineers  will  gladly 
call  at  your  request  and  review  your  contact 
questions  without  obligation.  Write  today. 


*U.S.  PoUntt  2,691,815  —  2753,623 


You  Can  Profit  By  Using 
General  Plate  Clad  Metals. 


STRIPED  CONTACT  SWITCHING 


What  meUUs  can  be  bonded  to  produce 
STRIPE  CONTACT  STOCK  by  Gen¬ 
eral  Plate's  PT  bonding  process? 

Any  combination  of  mollooblo  motals 
con  bo  pormonontly  joined  to  produce 
STRIPED  CONTACT  STOCK  in  long 
length  ceils. 


General  Plate  Division 


METALS  &  CONTROLS  f  CORPORATION 

ivision  _ 


1312  Forest  Street,  AttletXHO,  Mass. 
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INTELLIGENCE— Hallamore  Microlock*  provides  the  all-important  link  of  intelligible  communication  between  space 
vehicles  and  earth.  Six  Hallamore  developed  Microlock  tracking  stations  monitor  positions  and  receive  intelligence  from 
Vanguard  and  Explorer  satellites... stand  watch,  with  full  capability,  on  U.S.  Airforce  and  U.S.  Army  Lunar  Probes.  Micro¬ 
lock  “locks”  on  fractional  signals  from  tiny  transmitters  to  bring  in  messages  free  of  noise  distortion.  Hallamore  developments 
in  audio-visual  telemetry,  versatile  automatic  checkout  systems,  and  guidance  are  speeding  man’s  mastery  of  missilry  and 
space  technology.  For  systems  capability,  plug-in  building  blocks  and  C.C.T.V.,  write  Hallamore  Electronics 
Company,  8352  Brookhurst  Avenue,  Anaheim,  California /TWX:  AH  9079:  a  division  of  The  Siegler  Corporation. 

*onieiNAij.v  ocvCLOMO  mr  Jtr  pnopULSKm  labonatowy.  aasaocna.  cAi.ir.  ^ 
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High  Frequency  Switching  Performance 

at  Medium  Frequency  Transistor  Prices ! 


Philco  2N393  Micro  Alloy  Transistor 
(MAT)  offers  High  Gain.  High  Frequen¬ 
cy.  Low  Saturation  at  a  New  Low  Price. 


Philco  2N393  micro  alloy  transistors  are  now  available 
for  immediate  delivery  in  unlimited  quantities  at  $4.75 
(1(X)  or  mpre). 

These  transistors  offer  circuit  designers  and  computer 
manufacturers  a  dramatic  opportunity  to  combine  the 
advantages  of  outstanding  high  frequency  response 
(up  to  ^  megacycles)  with  excellent  Beta  linearity 
(to  50  milliamperes)  and  low  saturation  resistance  at 
this  new,  low  price. 

Here  are  transistors  with  multi-million  hour  proven 
circuit  reliability  .  .  .  and  demonstrated  stability  in  edl 
types  of  switchmg  circuits. 

Philco  2N393  transistors  are  extremely  well  suited  to 
the  special  branching  requirements  of  high  speed  com- 


HIGH  gain 

r-i  1 


I  LOW  SATt  RATION  RESISTANCE 


puter  circuits.  They  are  also  excellent  for  use  in  video 
amplifiers  up  to  one  megacycle. 

Consider  the  many  advantages  of  high  frequency,  low 
cost  Philco  2N393  transistors  . . .  before  you  settle  for 
lower  frequency'  transistors  in  your  equipment. 

-Mot*  PMce  yewr  prim*  MVTC#  fof 

•  •  •  for  coinp<o»o  RpmcitUaHom  md  prvcot  oo  Ifco  2N393,  wrft^  Pop#.  f-V25f 
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PHILCO  CORPORATION 


LANSDALE  TUBE  COMPANY  DIVISION 

LANSDALE,  PENNSYLVANIA 
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Author  chocks  out  •ia^lo-chouU  dual-channoi  storophonic  ompUUor  at  Chorry  HUI  Laboratoty 


Stereophonic  Amplifier 
for  Home  Phonographs 

Dual-channel  single  amplifier  represents  one  manufacturer's  approach  to 
problem  of  reproducing  both  stereophonic  and  monophonic  signals  at  cost 
approximating  that  of  a  single-channel  push-pull  amplifier.  Superior  per¬ 
formance  is  obtained  with  present  monophonic  records  since  pinch  distortion, 
which  appears  as  vertical-motion  signals,  is  cancelled 


By  ROY  S.  HNE,  RCA  Victor  Radio  A  VIctrola  Div^  Radio  Corporation  of  America,  Camden.  N.  J. 


Advent  of  practical  stereophonic 
•  disk  records  this  spring  has 
challenged  instrument  manufactur¬ 
ers  to  design  equipment  for  repro¬ 
duction  of  stereophonic  disks  that 
are  in  the  same  retail  price  class  as 
their  single-channel  reproducers. 
Though  a  variety  of  systems  have 
appeared  on  the  market  this  goal 
has  not  yet  been  fully  achieved. 
One  approach  to  the  problem  is  to 


make  available  a  two-channel  stereo¬ 
phonic  instrument  which  will  play 
the  stereophonic  and  conventional 
disks  monophonically  and  which 
can  be  converted  to  stereophonic  re¬ 
production  by  the  addition  of  only 
a  second  loudspeaker  system. 

Performance 

The  complete  stereophonic  instru¬ 
ment  minus  its  second  speaker  may 


sell  for  only  a  small  increase  in 
price,  which  can  be  justified  by  the 
built-in  stereophonic  feature.  Opti¬ 
mum  performance  from  such  a  sys¬ 
tem  will  be  achieved  only  if  the 
second-channel  loudspeaker'  system 
matches  the  performance  of  the 
basic  stereophonic  system.  How¬ 
ever,  satisfactory  results  can  be 
obtained  with  some  deviation. 

To  meet  these  requirements,  an 
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amplifier  design  has  been  developed 
that  operates  at  full  power  capabili¬ 
ties  at  all  times  and  is  in  push-pull 
for  the  monophonic  reproduction  of 
either  monophonic  or  stereophonic 
sources.  For  stereophonic  repro¬ 
duction  from  a  stereophonic  source 
the  circuit  is  separated  into  two 
independent  single-ended  feedback 
amplifiers. 

Loudspeaker  Phasing 

A  block  diagram  of  two  j)ower 
amplifiers  using  two  separate  and 
independent  output  transformers  is 
shown  in  Fig.  lA.  If  identical 
loudspeaker  systems  are  connected 
to  the  output  transformers,  equal 
performance  on  each  channel  will 
be  obtained  when  equal  signals  are 
impressed  on  the  input  terminals  of 
amplifiers  A  and  B.  A.ssuming 
identical  phasing  of  each  system 
from  input  to  loudspeakers,  equal 
in-phase  input  signals  will  produce 
equal  in-phase  output  signals  from 
the  loudspeakers.  If  the  two  voice 
coils  are  then  tied  together,  two 
single-ended  amplifiers  in  parallel 
are  obtained,  giving  the  power  out¬ 
put  and  the  same  percent  distortion 
obtained  from  each  one  separately. 

If,  however,  the  input  signals  are 
equal  in  amplitude  and  opposite  in 
phase,  as  in  Fig.  IB,  the  output  sig¬ 
nals  at  the  loudspeakers  will  be  out 
of  phase.  If  the  two  voice  coils  are 
then  connected  in  parallel,  the  sig¬ 
nals  will  cancel  and  there  will  be  no 
output  from  the  speakers.  By  re¬ 
versing  the  primary  of  one  output 
transformer,  as  in  Fig.  1C,  the  voice 


Px( AMPLIFIERS  SEPARATE>«2P 
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jCj  Pyl AMPLIFIERS  CONNECTED )*2P 


FIG.  1 — Phasiaq  comblaattona  oi  ampli- 
H«rm  with  Mparat*  output  troiisiorniors 

coils  can  again  be  tied  together  in 
proper  pha.se  to  obtain  a  push-pull 
monophonic  amplifier  which  reduces 
the  even-order  harmonics  generated 
in  the  power  output  stages. 

An  instrument  incorporating  such 
an  amplifier  is  satisfactory  for 
stereophonic  reproduction  and  is 
essentially  the  same  monophon- 
ically  as  any  push-pull  amplifier 
when  the  input  signals  are  phased 
as  in  Fig.  1C. 

The  Westrex  system  was  designed 


so  pure  lateral  displacement  will 
give  equal  and  out-of-phase  signals 
from  the  left  and  right  halves  of  the 
pickup  and  a  pure  vertical  signal 
will  give  equal  in-pha.He  signals. 
Since  composite  signals  recorded 
from  a  Westrex  cutter  can  be  re¬ 
solved  into  lateral  and  vertical  com¬ 
ponents,  the  signals  supplied  to  the 
input  terminals  may  be  of  three 
types:  equal  out-of-phase  signals 
from  lateral  components,  equal  in- 
phase  signals  from  vertical  com¬ 
ponents  and  a  single  signal  from 
one  channel  of  a  stereophonic  re¬ 
cording  with  no  modulation  on  the 
other.  For  stereophonic  use,  both 
channels  operate  as  independent 
single-ended  amplifiers. 

Circuit 

The  complete  amplifier  .shown  in 
Fig.  2  consKsts  of  two  separate  chan¬ 
nels  from  input  to  output  with  pro¬ 
vision  for  tying  the  outputs  to¬ 
gether  for  monophonic  operation. 
A  push-pull  or  out-of-pha.se  polarity 
of  input  signal  is  required  to  main¬ 
tain  the  proper  in-phase  rela¬ 
tionship  at  the  loudspeaker.  The 
stereophonic  pickup  used  with  this 
amplifier  gives  equal  out-of-phase 
signals  from  a  lateral  monophonic 
disk  as  well  as  out-of-phase  signals 
from  lateral  motion  in  di.sk  made 
w’ith  a  Westrex  45/45  cutter. 

On  the  phonograph  and  tuner 
positions  of  function  switch  S„ 
both  halves  of  the  stereophonic  sig¬ 
nal  are  available  at  the  tape  jack, 
making  possible  .stereophonic  tape 
recordings  from  records  or  stereo- 
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FIG.  4 — Rmpoiim  choractoristics  obloinablo  in  oilhor  chonnol 


phonic  tuner.  The  approximately 
S.OOO-ohms  ouput  impedance  is  such 
that  cable  capacitances  up  to  1,000 
Hit  can  be  used  with  an  amplitude 
loss  at  15  kc  of  less  than  1  db.  On 
the  tape  position,  this  jack  becomes 
an  input  for  playintr  back  stereo¬ 
phonic  or  conventional  tape  record- 
intrs. 

Comparable  CircuHe 

Tone  and  loudness  control  cir¬ 
cuits  are  conventional  except  that 
the  {ranged  controls  require  superior 
tracking  qualities  to  maintain  equal 
tone  and  loudness  balance  on  both 
channels. 

The  power  amplifier  stages  differ 
somewhat  from  the  conventional 
because  of  the  phase  inversion  at 
one  plate  and  the  application  of 
negative  feedback.  On  the  right 
channel,  the  feedback  voltage  is 


taken  from  the  4-ohm  tap  of  the 
output  transformer  and  injected 
into  the  cathode  of  V.4.  This  results 
in  about  15  db  of  degeneration. 

On  the  left  channel,  the  feedback 
voltage  is  also  taken  from  the  4-ohm 
tap,  but  because  it  is  reversed  in 
polarity  with  respect  to  the  signal 
on  the  grid  of  Vu,  it  is  injected  at 
this  grid  to  effect  negative  feedback. 
Resistor  A,  isolates  the  relatively 
low  source  impedance  of  V„  ^  the 
feedback  is  not  shorted  out  and  acts 
in  conjunction  with  iZ,  as  a  voltage 
divider  to  effect  lower  gain  in  this 
channel,  enabling  balance  adjust¬ 
ment  in  the  right  channel. 

Though  single-ended  amplifiers 
are  employed  and  the  a-c  ripple 
component  of  the  high-voltage  sup¬ 
ply  is  not  cancelled  in  a  conventional 
push-pull  output  transformer,  in¬ 
creased  filtering  is  not  required. 


Any  ripple  voltage  present  is  in¬ 
jected  inside  the  feedback  loop  and 
degenerated  by  the  amount  of  the 
feedback.  The  hum  at  the  voice 
coils  is  essentially  the  same  as  in  a 
conventional  amplifier  with  the 
same  gain. 

SwHch  Positions 

When  the  amplifier  is  used  for 
monophonic  reproduction  the  out¬ 
put  circuits  are  tied  together  by 
SiM  to  effect  push-pull  operation. 

Switch  S,  in  its  2-speaker  posi¬ 
tion  matches  the  output  transform¬ 
ers  to  the  proper  load  (4  ohms)  and 
allows  the  single-ended  or‘pu.sh-pull 
condition  to  be  selected  by  S,«. 
When  5,  is  in  the  1-speaker  posi¬ 
tion  and  no  external  speaker  is  con¬ 
nected  to  the  left-channel  output, 
both  amplifiers  are  properly 
matched  to  the  single  internal 
speaker  system  and  the  amplifier  is 
always  in  the  push-pull  condition 
regardless  of  the  setting  of  S,t. 
This  situation  is  required  when  the 
instrument  is  to  be  used  as  a  con¬ 
ventional  radio-phonograph  and  full 
power  output  is  desired. 

The  amplifier  distortion  is  shown 
in  Fig.  3.  The  distortion  is  lower 
for  push-pull  operation,  even  with 
twice  the  power  output  of  a  single 
channel,  confirming  that  even-order 
harmonics  are  reduced.  For  ex¬ 
ample,  for  12-w  total  output  on  two 
single-ended  channels  the  distortion 
is  10  percent,  but  for  12-w  output  in 
push  pull  it  is  only  5.5  percent. 
Figure  4  shows  the  frequency 
response. 
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Portable  liquid-density  gage  capitalizes  on  Peltier  effect  by  using  semicon¬ 
ductor  tbei*moelements  to  maintain  uniform  cooling  temperatures  required 
for  accurate  specific  gravity  measurements.  Transistorized  circuitry  uses 
differential  transformer  to  determine  position  of  movable  core  at  float  end 


By  C.  W,  HARGEISS,  Senior  Slaff  Engineer,  The  Franklin  Inatitute  Laboratories,  Philadelphia,  Penn. 


Semiconductors  Cool  and 


Accurate  measurements  of 
kliquid  densities  usually  require 
delicate  balance  mechanisms  or 
large  hydrometers  that  use  complex 
plumbing  to  maintain  a  constant 
cooling  temperature.  These  intri¬ 
cacies  are  eliminated,  and  precise 
liquid-density  measurements  are 
simplified  with  this  sturdy,  highly 
practical,  transistorized  gage. 

Figure  1  shows  a  cross  section  of 
the  unit.  As  the  bottom  fan  cir¬ 
culates  cooling  air,  a  small  magnet 
in  the  liquid  sample  stirs  the  test 
solution.  The  flow  of  current 
through  thermoelements,  controlled 
by  a  thermostat,  keeps  the  liquid  at 
constant  temperature. 

The  core,  rigidly  attached  to  a 
rod  moves  through  a  differential 
transformer  and  the  buoyant  force 
of  the  float  is  measured  by  a  balance 
coil  suspended  in  a  permanent-mag¬ 
net  field.  At  balance,  the  coil  and 
float  always  return  to  null  position, 
which  is  determined  to  a  tolerance 
of  approximately  10  microinches. 
Output  of  the  differential  trans¬ 
former  reverses  phase  at  center, 
providing  a  sensitive,  accurate 
means  of  determining  a  reference 
position. 

Fluctuations  in  output  amplitude 
and  changes  in  amplifier  gain  or 
power-supply  voltage  do  not  affect 
zero. 

The  balance  coil  current  is  ad¬ 
justed  by  first  observing  a  zero- 
center  meter  which  registers  ap¬ 
proach  to  null.  The  balance  current, 
which  is  supplied  by  a  steady  d-c 
source,  is  controlled  by  a  physically 


long  slide  wire  capable  of  high  reso¬ 
lution.  This  slide  wire  is  compactly 
constructed  by  shuttling  the  resist¬ 
ance  element  between  two  spools.  A 
calibration  strip,  attached  to  the 
edge  of  the  resistance  element  and 
visible  through  a  window,  is  used 
for  nonlinear  calibrations.  The  d-c 
source  is  2^ner  stabilized. 

Transistor  Circuitry 

In  the  null-position  detecting  cir¬ 
cuit  of  Fig.  2,  a  5-kc  sinusoidal  cur- 


FIG.  1 — CroM  McUon  oi  liquid^dcnatty 
instrument  shows  mochanicol  compo¬ 
nents  and  thermoelectric  cooler 

rent  is  generated  by  a  transistor 
oscillator  in  which  the  primary 
winding  of  the  differential  trans¬ 
former  is  a  part.  The  transformer 
consists  of  two  secondary  windings 
placed  above  and  below  the  primary. 
The  core  moves  up  and  down 


through  their  centers  and,  when  it 
is  in  precisely  mid-position,  dis¬ 
tributes  flux  so  that  equal  amounts 
link  the  two  secondaries.  If  these 
windings  are  connected  in  series, 
with  correct  polarity,  their  voltages 
cancel. 

As  the  core  passes  from  one  side 
of  null  to  the  other,  a  phase  shift 
of  180  degrees  occurs  in  the  output 
sum  of  the  secondaries.  Near  bal¬ 
ance,  this  small  voltage  is  amplified. 
Three  transistor  stages  follow, 
which  saturate  when  handling  the 
large  range  of  signal  voltage  from 
the  differential  transformer.  The 
null  signal  is  amplified  until  its 
magnitude  is  approximately  equal 
to  the  oscillator  voltage  impressed 
upon  the  primary.  These  two  volt¬ 
ages  are  then  applied  to  a  phase- 
comparison  circuit. 

Phase  Comparison 

The  phase-compari.son  circuit 
consists  of  four  diodes  arranged  in 
a  bridge.  When  the  amplified  volt¬ 
age  is  applied  ^  one  pair  of  bridge 
terminals,  and  the  oscillator  voltage 
is  applied  to  the  other  pair,  a  recti¬ 
fied  current  which  reverses  with 
phase  change  will  flow  in  one  of  the 
branches. 

This  direct  current  could  be  ap¬ 
plied  directly  to  a  zero-center  meter 
to  indicate  balance.  However,  to 
increase  overall  sensitivity  of  the 
indicating  system,  a  single  d-c  amp¬ 
lifier  stage  is  employed  in  conjunc¬ 
tion  with  the  meter.  Here  an  npn 
type  is  used  because  it  is  better 
suited  to  the  existing  polarities. 
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Control  Density  Gage 


Accurate  density  measurements 
are  usually  carried  out  at  60  F, 
partly  because  there  is  less  likely- 
hood  of  bubble  formation  that 
would  occur  at  higher  temperatures. 
Bubbles  are  a  source  of  error  in 
buoyancy  measurements. 

Thermoelectric  Cooling 

The  thermoelectric  cooling  prin¬ 
ciple  eliminates  the  need  of  a  com- 
pres.sor  and  the  complexities  of  a 
conventional  mechanical  refrigera¬ 
tor. 

The  cooling  method  used  is  a 
highly  significant  application  of  the 
familiar  Peltier  effect,  known  for 
over  100  years.  The  Peltier  effect 
applies  to  a  simple  circuit  of  two 
dissimilar  metals  connected  in 
series.  Heat  is  transferred  by  an 
electric  current  from  one  bond,  a 
cold  junction,  to  another  bond,  a  hot 
junction.  Once  a  novelty,  applica- 


HOT  JUNCTCN 
n-rrPt  SEMICONDUCTOR 
COLD  JUNCTION 
P-TYPE  SEMICONOUCTOR 
HOT  JUNCTION 
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COLO  JUNCTIONS 


["1  ^  ^ 


ii. 

Sl4  n. 


HOT  JUNCTIONS 


(B) 

FIG.  3 — A  aUiqU  iunctton  of  the  th*nii». 
•l*m«nU  (A)  contlaU  of  two  dissimilar 
somlconductors  Joinsd  by  coppor  con- 
nsetor.  A  qroup  of  {unctions  Is  arronqod 
as  shown  In  (B) 


tion  of  this  effect  is  made  possible 
by  a  knowledge  of  semiconductor 
technology. 

Efficiency  is  still  low,  but  freez¬ 
ing  temperatures  are  obtained  in 
minutes  and  advantages  of  con- 
vience  and  simplicity  prove  the 
method  highly  practical. 

About  40  watts  are  consumed  in 
the  thermoelectric  cooler.  The 
thermoelements  are  shown  in  Fig. 

1  at  the  sides  of  the  liquid  container. 
Forty  of  these  elements,  connected 
in  series,  carry  about  10  amps.  A 
single  junction  consists  of  two 
dissimilar  semiconductors  joined 
by  a  copper  connector  (Fig.  3A). 
A  group  of  junctions  is  arranged 
(Fig.  3B)  by  alternating  p  and  n 
type  thermoelements  which  are 
joined  by  copper  links. 

The  thermoelements,  made  of 
bismuth  telluride,  are  doped  to  pro¬ 
duce  p  and  n  type  semiconductors 
and  are  soldered  to  the  copper  links 
with  care.  When  so  grouped,  the 
elements  are  electrically  insulated 
from  the  aluminum  container  with 
thin  Mylar.  Copper  cooling  fins 
dissipate  heat  from  the  hot  junc¬ 
tions. 

Temperature  Uniformity 

A  small  cylindrical  magnet,  pro¬ 
tected  from  the  liquid  by  a  Teflon 
coating,  is  caused  to  spin  in  the 
bottom  of  the  cup  by  a  second  mag¬ 
net  attached  to  the  center  of  the 
fan. 

Stirring  keeps  the  liquid  at 
a  uniform  temperature  throughout 
and  also  insures  maximum  heat 


transfer  by  the  cooler,  A  drain 
removes  the  100  cc  of  liquid. 

Accurate  temperature  control  is 
achieved  by  a  glass  thermostat  im¬ 
mersed  in  the  liquid.  If  the  current 
is  reversed,  a  cold  junction  becomes 
a  hot  junction.  A  current  revers¬ 
ing  relay,  connected  to  the  thermo¬ 
stat,  can  produce  both  hot  and  cold 
as  may  be  called  for  to  establish 
controlled  temperature. 

Applications 

Makers  of  petroleum  products, 
chemical  reagents,  foods  and  liqui¬ 
fied  gases  see  great  advantages  in 
this  gage. 

Proof  of  whiskey,  which  is  a 
volume  concept  rather  than  a  com¬ 
mon  density  measurement,  is  read¬ 
able  directly  with  the  long-scale, 
nonlinearily  calibrated  slide  wire. 

Tax  on  whiskey  is  levied  upon  its 
proof,  hence  high  accuracy  in  such 
determinations  is  required.  Proof 
must  be  read  to  0.1  percent  or 
0.0001  over  the  0.8000  to  1.0000 
density  range  from  pure  alcohol  to 
pure  water. 

Thanks  are  due  the  Whirpool 
Corporation  Research  Laboratories 
at  St.  Joseph,  Michigan  who  pro¬ 
vided  the  thermoelectric  cooling 
unit  for  this  application.  George 
A.  Smith  of  Busser,  Smith  and 
Harding  of  Philadelphia  worked 
out  the  principle  of  the  device  with 
the  author.  J.  C.  Heselwood  de¬ 
signed  the  balance  coil  and  mag¬ 
netic  parts.  Louis  Forman  spon¬ 
sored  the  development  of  the 
instrument. 
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By  PAUL  G.  BALKO,  Infrared  Product  Specialist,  The  Perkln-Elmer  Corp.,  Norwalk.  Conn. 

Infrared  Finds  Auto 

Leaks  in  automobile  air-suspension  systems  as  small  as  8  X  10  *  cubic 
inch  per  second  can  be  detected  in  three  seconds.  Nitrous  oxide  replaces 
air  for  test  purposes.  A  nondispersion  infrared  analyzer  is  the  sensitive 
instrument  used  for  production  testing 


Automobile  air-suspension  sys- 
,  terns  must  be  production 
tested  to  insure  leak-free  operation. 
One  test  setup  now  in  use  takes  ad¬ 
vantage  of  the  capabilities  of  infra¬ 
red  detection.  The  suspension  sys¬ 
tem  i8_  pressurized  with  nitrous 
oxide,  an  infrared  active  tracer 
gas.  A  nondispersion-type  infrared 
analyzer  is  the  test  instrument. 

The  nondispersion  analyzer  has 
found  its  greatest  use  as  a  monitor 
for  hydrocarbon  streams  where  one 
component  is  the  key  to  some  reac¬ 
tion.  Wavelength  selectivity  and 
discrimination  are  obtained  by  use 
of  a  selective  detector,  gas  filter¬ 
ing  (by  the  interfering  component) 
and  a  combination  of  window  ma¬ 
terials  that  pos.sess  different  trans¬ 
mission  characteristics  in  infrared. 

Basic  Analyzer  Elements 

Figure  1  shows  the  basic  com¬ 
ponents  of  the  system.  The  radia¬ 
tion  source  S  consists  of  a  nichrome 
wire  helix  coated  with  iron  oxide. 


An  input  of  10  v  a-c  at  3.2  amp 
provides  a  temperature  of  650  C. 

A  diverging  cell  .splits  up  the 
radiation  energy  into  two  paths — 
the  sample  beam  and  the  reference 
beam.  With  the  radiation  source 
and  two  windows,  the  cell  makes  a 
vacuum-tight  assembly.  It  is  filled 
and  sealed  off  with  one  atmosphere 
of  N„  a  noninfrared-absorbing  gas. 

Chopper  System 

The  radiation  chopper  system 
consists  of  a  1,200-rpm  synchron¬ 
ous-drive  motor,  a  drive  belt,  a 
chopper  disk  with  a  180-deg  cir¬ 
cumference  and  a  two-pole  refer¬ 
ence  generator.  Pulley  ratios  give 
the  chopper  a  speed  of  6.5  cps  and 
the  beams  are  chopped  180  deg  out 
of  phase.  The  generator  is  driven 
directly  from  the  chopper  shaft  to 
provide  a  6.5-cp8  reference  signal. 

The  sample  cell  is  11-in.  long,  has 
a  removable  window  at  each  end 
and  the  necessary  fittings  to  accom¬ 
modate  the  sample  stream  line. 


The  reference-cell  a.ssembly  is 
identical  except  that  it  has  a  fixed 
window  at  either  end.  This  cell  is 
vacuum-tight  and  sealed  off  with 
one  atmosphere  of  N,.  The  nulling 
attenuator  is  located  in  this  beam. 

The  filter  cell  provides  two  func¬ 
tions.  It  converges  the  radiation 
beam  and,  since  it  is  in  series  with 
the  sample  beam,  provides  a 
method  of  spectral  or  gas  filtering. 
It  is  vacuum-tight  and  usually 
sealed  off  with  a  mixture  of  inter¬ 
fering  gases  at  one  atmosphere. 

The  selective  detector  employs  a 
unique  system  of  dynamic  balanc¬ 
ing  that  reduces  signals  from  vi¬ 
bration  and  shock  to  a  minimum. 
Figure  2  shows  a  cutaway  top  view 
of  the  complete  as.sembly.  It  con¬ 
sists  of  two  separate  capacitance 
microphone  assembles  connected  in 
parallel.  They  are  installed  in  such 
a  manner  that  their  membranes 
divide  the  assembly  into  two  cham¬ 
bers.  A  small  pneumatic  leak,  0.01 
in.  in  diameter,  connects  the  two 
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are  balanced.  Since  the  radiation 
flux  is  180  deg  out  of  phase,  the 
change  in  radiation  at  the  detector 
will  be  zero  and  no  signal  will  de¬ 
velop.  When  the  intensity  of  the 
sample-beam  radiation  becomes  dif¬ 
ferent  from  that  in  the  reference 
beam,  the  chopped  radiation  pro¬ 
duces  pressure  changes  in  the 
detector.  The  membranes  move  ac¬ 
cordingly  and  produce  an  error  sig¬ 
nal  proportional  to  the  difference. 

The  error  signal  is  detected  in 
the  proper  phase  and  amplified 
sufflciently  by  the  electronic  system 
to  drive  a  two-phase  servo  motor. 
The  motor,  in  turn,  drives  an  opti¬ 
cal  attenuator  into  (or  out  of)  the 
beam  and  restores  radiation  bal¬ 
ance.  Simultaneously,  the  motor 
changes  the  resistance  of  a  po¬ 
tentiometer.  This  change  in  resist¬ 
ance  is  measured  by  a  recorder  or 
indicator. 


will  be  zero.  Each  membrane,  be¬ 
cause  of  its  light  mass,  tends  to  re¬ 
main  stationary  as  the  heavier  as¬ 
sembly  follows  the  force.  Vibration 
signals  are  attenuated  20  times 
over  a  single  microphone. 

The  radiation-onerg>  curve 
shown  in  Pig.  3  limits  the  selective 
detector  to  duty  between  two  and 


chambers.  The  membranes  are 
0.00025-in.-thick  aluminum  foil 
with  a  diameter  of  about  one  inch. 
Each  microphone  has  lOO-^ifif  ca¬ 
pacitance. 

The  assembly  is  evacuated  and 
filled  with  an  infrared  active  gas 
to  about  250  mm  Hg  absolute  pres-  • 
sure.  This  gas  is  the  same  one  for 
which  sensitivity  is  required — 
nitrous  oxide  in  the  application  un¬ 
der  discussion.  If  infrared  radia¬ 
tion,  chopped  at  a  frequency  of  6.5 
cps,  enters  the  inner  chamber 
through  a  selected  window  ma¬ 
terial,  the  gas  will  be  heated  and 
cooled  alternately.  Resulting  pres¬ 
sure  changes  will  flex  the  mem¬ 
branes. 

The  capacitance  change  that  oc¬ 
curs  will  be  the  sum  of  the  capaci¬ 
tance  changes  in  the  two  micro¬ 
phones.  Of  significance  is  the  fact 
that  the  radiation  flux  contains 
the  necessary  frequencies  to  excite 
the  gas  molecules  in  the  detector. 

The  pneumatic  leak  is  a  high  im¬ 
pedance  at  6.5  cps  but  provides 
equilibrium  between  the  two  cham¬ 
bers  during  slow  ambient  tempera¬ 
ture  changes. 

Detector  Operation 

If  a  force  or  shock  is  imparted 
to  the  microphone  from  left  or 
right,  the  net  change  in  capacitance 
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Seven  microns.  Signal  output  from 
the  detector  is  proportional  to  the 
chopping  period.  Strong  absorbers 
of  infrared  radiation  produce  a 
large  change  m  capacitance.  The 
microphones  form  part  of  the  grid 
tank  circuit  of  a  tuned-plate  tuned- 
grid  r-f  oscillator.  It  is  through 
this  circuitry  that  electrical  trans¬ 
lation  is  accomplished  and  signals 
can  be  measured  and  interpreted. 

Initially,  both  radiation  paths 


Electronic  Circuits 

The  r-f  oscillator-preamplifier 
consists  of  a  pentode,  V,  in  Fig.  4, 
and  its  associated  circuitry.  As 
mentioned  previously,  the  oscillator 
is  a  tuned-plate,  tuned-grid  type 
using  the  microphone  assemblies  as 
part  of  the  grid-tank  circuit.  The 
stage  develops  a  gain  of  about 
three. 

The  oscillator  circuit  is  unusual 
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only  in  its  application.  It  develops 
a  six-mc  carrier  and  provides  a 
means  for  rectification  and  detec¬ 
tion  of  the  6.5-cps  intelligence. 
Rectification  is  accomplished  by 
class-C  operation  during  oscillation 
and  occurs  in  the  plate  circuit.  Ca¬ 
pacitor  Cl  filters  the  carrier  but 
allows  the  6.5-cps  modulation  to  de¬ 
velop  across  /?,  in  Fig.  5. 

Since  the  carrier  is  frequency- 
modulated,  a  simple  expedient  for 
amplitude  demodulation  is  accom¬ 
plished  by  detuning  the  plate  tank 
circuit  off  resonance  and  operating 
the  circuit  slightly  reactive.  This 
practice  is  known  generally  as  side- 
slope  detection. 


The  G.B-cps  amplifier  shown  in 
Fig.  5  consists  of  three  stages  of 
conventional  band-passed  triodes 
Vut  V„  and  Vm-  It  peaks  at  about 
6.5  cps  with  18-db  attenuation  at 
each  octave.  A  double-T  rejection 
filter  is  installed  between  V,4  and 
V„  to  attenuate  any  60-cp.s  pickup 
that  originates  in  the  preceding 
stages.  Over-all  gain  is  about  80 
db  and  a  phase  inverter,  pro¬ 
vides  a  signal  that  is  180  deg  out 
of  phase  to  the  phase  detector. 

Defector  and  Fihar 

To  provide  the  servo  motor  and 
indicator  circuit  with  the  proper 
beam  information  (degree  of  un¬ 


balance  that  may  exist  in  either 
beam),  a  full-wave  phase-sensitive 
bridge  rectifier  is  used.  The  recti¬ 
fier  uses  a  reference  signal  devel¬ 
oped  by  a  6.5-cps  generator  con¬ 
nected  to  the  radiation  chopper 
shaft  for  phase  reference.  Two  dual 
diodes,  V,  and  V^,  and  associated 
circuitry  are  mounted  on  the  6.5- 
cps  deck  with  two  balancing  poten¬ 
tiometers,  R..  and  R,.  Potentiometer 
R,  balances  the  diodes;  R,  balances 
the  reference  generator  voltage. 

At  beam  balance,  no  error  signal 
is  present.  Each  alteration  of  the 
voltage  from  the  reference  gener¬ 
ator  is  clamped  between  the  mid¬ 
point  of  Rr  and  at  the  junction  of 
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R„  Rr,  and  R„  R,.  Consequently,  no 
voltage  appears  across  the  output. 

Assume  next  a  condition  where 
an  error  signal  is  developed  while 

and  V„  are  conducting  and  Vu 
and  Vu  are  open-circuited.  The 
error  signal  will  develop  across  the 
load  resistors  R,  and  R,.  Voltage 
across  R^  is  proportional  to  the 
positive  half -cycle  across  the  output. 

When  the  generator  reverses 
polarity,  V,^  and  conduct  and 
V,,  and  Vi,  open-circuit.  The  volt¬ 
age  drop  across  /2.  now  appears  at 
the  output  in  the  same  polarity  and 
full-wave  rectification  is  completed. 
If  the  error  signal  information  is 
reversed  ( reversal  of  beam  en¬ 
ergy).  full-wave  rectification  ap¬ 
pears  at  the  output  in  the  negative 
direction. 

Thus  the  rectified  error  signal 
is  filtered  by  the  R-C  circuitry 
located  on  the  .servo-amplifier  deck. 
This  circuitry  consists  of  R,.,  R,„ 
R,t,  R,»  C„  C„  C.  and  C»  in  Fig.  6. 
Capacitors  C,  and  C»  provide  filter¬ 
ing  for  both  pha.ses  of  rectification. 
Capacitors  C,  and  C,  give  stability. 

Servo  Amplifimr 

The  radiation  chopping  rate  pre¬ 
cludes  use  of  normal  component 
sizes  to  close  a  servo-operated  loop. 
Consequently,  the  GO-cps  system  op¬ 
erates  as  described. 

The  servo-amplifier.  Fig.  6,  con¬ 
sists  of  a  60-cps  d-c  chopper,  two 
.stages  of  60-cps  voltage  amplifica¬ 
tion  V.  and  a  power  output  stage 
V,  and  The  output  stage  drives 
the  control  winding  of  the  two- 
phase  servo  motor  located  on  the 
optical  bench.  The  reference  wind¬ 
ing  uses  110-v,  60-cps  line  current. 

The  servo  amplifier  is  band- 
passed  at  60  cps  and  the  overall 
power  gain  is  about  80  db.  Overall 
attenuation  at  each  octave  is  about 
18  db.  The  output  stage  operates 
class-A  and  provides  about  four 
watts  of  driving  power  to  the 
motor. 

The  d-c  error  signal  from  the 
output  of  the  filter  appears  at  the 
chopper  where  it  is  chopped  in 
either  phase  depending  on  polarity 
into  a  60-cps  square  wave.  It  is  am¬ 
plified  by  the  first  voltage  amplifier 
sufficiently  to  saturate  the  second 
stage  and  provide  a  constant  sig¬ 


nal  to  the  grids  of  the  output  stage. 
This  action  is  necessary  to  provide 
a  constant  driving  speed  to  the 
motor.  About  200  mv  peak-to-peak 
is  required  to  .saturate  the  ampli¬ 
fier. 

A  parallel-tuned  circuit  formed 
by  a  capacitor  and  the  control  wind¬ 
ing  of  the  servo  motor  is  peaked  at 
60  cps  to  reduce  the  120-cp8  com¬ 
ponent  to  a  minimum.  This  same 
L-C  combination  also  modifies  the 
error  signal  to  a  sinusoidal  wave¬ 
form. 

Indicators 

To  utilize  the  instrument  fully 
under  plant  conditions,  two  types 
of  indicator  are  provided.  The  first 
is  a  variable  audio  oscillator  and 
meter  indicator.  The  audio  ampli¬ 
fier  can  produce  a  variable  signal 
over  the  full  nulling  attenuator 
range  of  300  deg.  About  2.5-w  out¬ 
put  is  available  at  the  speaker. 
Threshold  of  oscillation  (audio 
zero)  is  variable  over  the  entire 
range. 

In  Fig.  7,  the  telemetering  po¬ 
tentiometer  R,t  and  zero,  control 
R,-.  form  the  tw’o  branches  of  a 
bridge  circuit.  The  meter  M,  is  in 
the  error  branch.  A  low-voltage 
supply  made  up  of  7,  and  associ¬ 
ated  components  supply  the  bridge 
with  about  12-v  d-c. 

Potentiometer  R„  provides  the 
sensitivity  or  range  control  for  the 
meter.  Its  resistance  range  of  2,500 
ohms  in  conjunction  with  R„  and 
R,.  will  produce  a  change  of  current 


from  50  to  150  /la  through  the 
meter.  With  the  wiper  arm  of  R„ 
fully  clockwise,  the  meter  is  at  a 
3:1  ratio  with  R,,.  With  the  wiper 
arm  fully  counterclockwise,  R,,  is 
at  a  1:1  ratio  with  the  meter.  Po¬ 
tentiometer  R,j  has  no  interaction 
with  R,.. 

Audiblo  Indication 

Tube  V,  is  a  thyratron  whose  fir¬ 
ing  rate  is  controlled  by  the  posi¬ 
tion  of  R,..  Resistor  R„  and  po¬ 
tentiometer  R„  (zero  frequency 
control)  are  strapped  acros.s  the 
plate  and  cathode  of  V.  so  that  the 
conduction  or  firing  level  can  be 
set  independently  of  the  position  of 
R... 

The  sawtooth  waveform  pro¬ 
duced  by  V,  is  handled  convention¬ 
ally  through  two  stages  of  audio 
amplification,  V,u  and  V,.,,  and  a 
power-amplifier  stage,  V,„  to  drive 
a  six-in.  speaker. 

No  special  effort  is  made  to  clean 
up  the  waveform  other  than  to  re¬ 
move  the  peak  transient  with  R^ 
and  C..  Potentiometer  R*.  is  the 
volume  control.  A  step-up  trans¬ 
former,  T„  is  connected  across  the 
speaker  terminals  and  energizes  a 
NE51  neon  light  to  attract  atten¬ 
tion  when  the  operator  is  in  a  noisy 
area  or  out  of  visual  range  of  the 
meter. 

An  alternate  system  consists  of 
a  contact-carrying  meter  coil  and 
set  pointer  that  energizes  a  relay 
to  operate  at  some  scale  level.  The 
relay  then  energizes  a  horn  or  light. 
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FIG.  1 — Str*M  U  detected  in  section  L  converted  to  on  interval  oi  time  in  11  and  indicated  in  diqitai  ionn  in  III 


Digital  Recorder  for 

Force  and  pressure  data  from  wind-tunnel  models  are  read  out  on  punched 
cards  and  printed  forms  to  three-digit  accuracy  while  tunnel  tests  are  in  prog¬ 
ress.  Basic  system  sections  may  be  adapted  for  digital  recording  of  voltages, 
currents  and  resistances  as  well  as  recording  of  frequency  and  time-coded  data 


By  ROBERT  C.  MACARTHUR,  Principal  Physicist, 

and  WILUAM  J.  UNGAR,  Associate  Ehiglneer,  Cornell  Aeronautical  Laboratory,  Inc.,  Buffalo, 
New  Tork 


Manual  methods  of  ditritiz- 
ing,  displaying  and  record¬ 
ing  force  and  pressure  data  from 
wind-tunnel  models  have  inherent 
human  errors  and  wear  problems 
associated  with  mechanical  parts. 

To  eliminate  these  shortcomings, 
equipment  has  been  designed 
wherein  air  loads  on  wind  tunnel 
models  are  recorded  as  three  dec¬ 
imal  digits  on  punched  cards  for  use 
with  a  digital  computer.  This  tech¬ 
nique  provides  final  data  while  a 
tunnel  test  is  in  progress. 

The  new  equipment  meets  the 
same  requirements  of  the  manual 
equipment  in  ignoring  dynamic 
forces  that  are  often  greater  than 
the  desired  static  component  and  of 
being  free  of  thermal  and  stray 
pickup  errors. 

In  general  operation  of  the  equip¬ 
ment,  four  strain  gages  are  at¬ 
tached,  according  to  conventional 


practice,  to  a  steel  beam  and  then 
connected  electrically  to  an  auto¬ 
matic  recorder.  The  recorder  is 
then  aligned  according  to  a  fixed 
procedure  for  measurement  and 
needs  no  further  adjustment  there 
after.  A  count  is  displayed  ap¬ 
proximately  every  half  second  on 
the  decade  counters.  When  an  IBM 
tabulator  and  summary  punch  are 
attached,  the  count  corresponding 
to  any  particular  stress  on  the 
strain-gage  beam  may  be  recorded 
by  pressing  a  button. 

Operating  Principles 

Figure  1  is  a  simplified  block 
diagram  of  the  method  of  accom¬ 
plishing  the  above  objectives. 

The  force  or  pressure  unbalanc¬ 
ing  the  strain-gage  bridge  in  sec¬ 
tion  I  causes  a  small  signal  voltage 
directly  proportional  to  the  stress  to 
appear  across  the  linear  amplifier’s 


input.  This  voltage  is  amplified  and 
changed  to  d-c  voltages  v,  and  v, 
in  the  phase-sensitive  demodulator. 

The  output  of  the  square-wave 
generator  in  section  II  is  integrated 
to  form  the  wave  pattern  shown  at 
point  A;  the  negative-going  ramp, 
linear  to  0.01  percent  over  the  sec¬ 
tion  used,  is  compared  with  v,  and 
Vt.  The  time  difference  between  the 
two  pulses  is  directly  proportional 
to  the  voltage  difference  of  v,  and  v, 
and,  therefore,  also  directly  propor¬ 
tional  to  the  stress. 

The  two  pulses  derived  in  section 
2  open  a  gate  circuit  for  a  length 
of  time  equal  to  the  time  difference 
between  the  two  pulses.  While  the 
gate  is  open,  pulses  from  a  30-kc 
pulse  source  pass  through  the  gate 
circuit  and  are  visibly  totalized  on 
three  decade  counters  connected  in 
cascade.  Since  the  pulse  frequency 
is  fixed  and  the  length  of  time  the 
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Wind-Tunnel  Data 


gate  is  open  is  directly  proportional 
to  the  stress,  the  digital  total  indi¬ 
cated  on  the  decade  counters  is  di¬ 
rectly  proportional  to  the  stress. 

Method  of  Operation 

The  instrument  is  arranged  so 
that  V,  and  v,  of  the  phase-sensitive 
demodulator  are  always  equal  and 
approximately  70  v  in  amplitude  at 
zero  count.  At  a  stress  correspond¬ 
ing  to  a  count  of  1,000,  v,  and  v', 
will  have  a  differential  of  approxi¬ 
mately  10  v;  one  of  them  being  ap¬ 
proximately  65  V,  the  other  75  v. 

Of  the  waveforms  in  Fig.  2,  A  is 
representative  of  the  pattern  ob¬ 
tained  from  the  square-wave  gen¬ 
erator  while  B,  C  and  D  .show  the 
integrated  wave  with  appn)ximate 
voltages  and  times  indicated  to  cor¬ 
respond  to  counts  of  zero,  200  and 
1,000.  At  B,  v,  and  v,  are  equal  and 
the  resulting  time  interval  At  is 
zero  since  the  pulses  corresponding 
to  V,  and  v,  occur  at  the  same  time. 
At  C  and  D,  w,  is  greater  in  ampli¬ 
tude  than  V,  and  the  time  interval 
has  a  definite  value. 

The  voltage  values  of  v,  and  v, 
shown  in  Fig.  2  are  indicative  of 
the  range  possible  when  stressing 
the  strain-gage  beam  in  one  di¬ 
rection  (positive  sense).  However, 
if  the  beam  is  stressed  in  the  op¬ 
posite  direction  (negative  sense) 
V,  and  V,  will  interchange  posi¬ 
tions  on  the  diagrams.  This  means 
that  while  v,  and  v,  are  both  equal 


at  zero,  r,  will  now  be  lower  in  value 
than  i>,  for  any  count  greater  than 
zero.  Similarly,  as  on  the  diagram, 
counta  of  200  and  1,000  will  be  ob¬ 
tained. 

Since  it  is  desirable  when  measur¬ 
ing  stress  to  know  the  direction  of 
application  and  not  merely  the 
magnitude,  a  circuit  indicating  the 
time  position  of  the  pulse  corre¬ 
sponding  to  V,  and  v,  is  incorporated 
in  the  equipment. 

Sign  Indicator 

Figure  3  is  an  expansion  of  Fig. 
1,  including  the  sign  indicator.  A 
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FIG.  2 — Op*ratlnq  waveforms 


negative  pulse.  A,  occurring  at  the 
time  the  ramp  voltage  equals  r, 
triggers  a  one-shot  multivibrator, 
producing  a  pulse  of  approximately 
0.3-sec  duration  whose  leading  edge 
occurs  at  the  same  time  as  pulse  A. 
This  pulse  and  another  one,  B, 
occurring  at  the  time  the  ramp  volt¬ 
age^  equals  V,  are  fed  into  a  coinci¬ 
dence  circuit.  If  pulse  B  occurs  at 
the  same  time  as  pulse  A  or  lags  A 
by  less  than  0.3  sec,  a  positive  pulse 
from  the  coincidence  circuit  fires  a 
thyratron,  pulling  in  a  relay  and 
lighting  a  bulb  on  the  front  panel 
of  the  instrument.  If  pulse  B  leads 
A  in  time,  a  pulse  is  not  emitted 
from  the  coincidence  circuit  and  the 
thyratron  does  not  fire. 

Maintaining  Zero 

When  V,  and  v,  are  equal  the  re¬ 
sulting  time  interval  is  zero;  how¬ 
ever,  a  single  pulse  will  be  formed 
at  the  time  corresponding  to  this 
voltage.  This  pulse  C  causes  the 
count-gate  trigger  to  open  the  gate. 
Since  there  is  no  second  pulse,  the 
gate  would  remain  open  and  a  large 
count  would  be  displayed  on  the 
counters.  To  avoid  this  situation, 
a  second  pulse  D  occuring  at  the 
same  time  is  fed  into  the  count-gate 
trigger  to  nullify  pulse  C.  The 
count-gate  trigger  then  remains  in 
its  normal  condition,  leaving  the 
gate  closed. 

Pulse  D  is  formed  by  the  count- 
at-zero-coincidence  circuit  at  a 
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the  square-wave  tfenerator  to  cease 
operating  at  the  end  of  the  follow¬ 
ing  ramp.  The  counters  reset  is 
simultaneously  disabled  and  the 
counters  hold  the  count  di8playe<l. 

The  card  punch  and  printer  roll 
over  in  sequence,  emitting  10 
emitter  pulses,  each.  These  pulses 
are  fed  into  the  counters,  causing 
them  to  roll  over  twice  and  return 
to  the  original  displayed  count.  The 
square-wave  generator  is  then  al¬ 
lowed  to  operate  and  the  automatic 
recorder  once  again  begins  sensing. 

Figure  4  is  a  block  diagram  of 
the  square-wave  generator  showing 
the  lock-up  arrangement.  The  scale- 
of-two  circuit  sharpens  up  the 
square  wave  emitted  by  the  multi¬ 
vibrator  and  the  cathode  followers 
couple  multivibrator  output  to  the 
dependent  circuitry. 

Read  Out 

When  the  print  button  on  the 
IBM  machine  is  pressed,  the  cath¬ 
ode  of  the  lock-up  thyratron  is 
grounded,  permitting  the  thyratron 
to  fire  when  the  grid  is  driven  posi¬ 
tive.  This  occurs  at  the  start  of  rise 
of  the  following  negative  square 
wave  (which  is  also  the  same  time 
the  ramp  has  ended).  When  the  thy¬ 
ratron  fires,  a  dpdt  relay  is  closed. 
One  of  its  poles  shunts  a  low  imped¬ 
ance  across  the  multivibrator’s  out¬ 
put,  disabling  the  square-wave  gen¬ 
erator.  The  other  pole  shorts  two 
leads  connected  to  the  IBM  ma¬ 
chines,  enabling  the  machines  to  roll 
over. 

Figure  5A  shows  a  block  dia¬ 
gram  of  the  read-out  circuits. 

The  IBM  emitter  pulses  are  fed 
through  a  pulse  shaper  and  three 
diode  couplers  to  the  counters.  A 
single  negative  pulse  is  emitted  by 
each  counter  as  its  count  changes 
from  9  to  0.  This  pul.se  is  then  in¬ 
verted  in  the  corresponding  inter¬ 
stage  coupler  or  inverter  circuit  to 
fire  a  thyratron. 

When  using  the  IBM  machine  for 
punching,  the  motion  of  the  card 
being  punched  is  .synchronized  with 
the  emitter  pulses.  That  is,  the  card 
moves  one  space  for  each  emitter 
pulse. 

F'or  example,  referring  to  Fig.  5B 
assume  the  recorder  is  locked  up  at 
a  count  of  plus  316.  Ten  emitter 
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count  of  zero  and  at  no  other  time 
since  only  then  do  the  two  pulses  B 
and  E  fed  into  the  coincidence  cir¬ 
cuit  occur  at  the  same  time. 

Referring  to  curves  A  and  C  in 
Fig.  2,  time  interval  At  correspond¬ 
ing  to  any  given  count  is  repeated 
approximately  every  half  second. 
This  means  that  every  half  second 
a  bundle  of  pulses  for  any  given 
count  will  be  delivered  to  the  decade 
counters  for  totalizing. 

If  the  counters  do  not  read  zero 
before  the  first  pulse  of  any  par¬ 
ticular  bundle  arrives,  the  counters 
will  add  the  ensuing  pulses  to  the 
previous  count. 


occurs.  It  consists  of  a  cathode  fol¬ 
lower  which  feeds  a  pulse  to  the 
count-gate  trigger  at  the  same  time 
as  the  counters-reset  thyratron  is 
fired. 


Storage  Operation 

The  print  button  on  the  IBM 
equipment  is  pressed  when  it  is  de¬ 
sired  to  record  a  count.  This  causes 
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Counter  Reset 

A  counters-reset  circuit  resets  the 
counters  to  zero.  This  circuit  con¬ 
sists  of  a  thyratron  which  is  fired 
at  times  1,  2,  3,  4,  etc.  on  curve  A. 

The  count-gate-trigger-reset  cir¬ 
cuit  is  used  as  a  precautionary 
measure  to  insure  that  the  count- 
gate  trigger  is  in  its  normal  condi¬ 
tion  before  the  count  interval 


FIG.  4 — Squora-woT*  gcMrotor  com- 
prisM  ir**-ruBi>liig  multfribrotor.  Kol*- 
oi-two  drcuit  and  two  cathodo  iollowon 
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pulses  are  fed  into  the  counters. 
At  the  time  of  the  first  pulse,  the 
card  is  moved  so  the  punches  are 
above  the  spaces  assigned  for  the 
nine  digits.  For  each  succeeding 
pulse,  the  card  is  moved  a  distance 
of  one  digit.  At  the  time  of  the 
fourth  pulse,  the  punches  are  over 
the  sixth  digit  spaces.  At  this  same 
time,  the  units  counter  changes 
from  9  to  0  and  causes  the  units 
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thyratron  to  fire,  energizing  the 
units  column  punch  that  punches  a 
hole  in  the  card  at  the  digit  6  space. 

Similarly,  at  the  time  of  the 
seventh  pulse  the  punches  are  over 
the  digit  3  spaces  and  the  hundreds- 
column  punch  is  energized.  At  the 
ninth  emitter  pulse  time,  the  ten- 
column  punch  records  a  1.  At  the 
tenth-pulse  time,  all  three  counters 
are  back  to  a  count  of  316. 
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FIG.  S — R*od-out  circuita,  thown  in  block  form,  food  pusching  and  printliig  machlBos 
Ulualratod  at  bottom 


The  printing  operation  is  of  the 
same  nature  as  punching  except 
that  a  type-bar  motion  instead  of  a 
card  motion  is  synchronized  with 
the  emitter  pulses.  Referring  to  Fig. 
5C,  each  type  bar  starts  to  rise  with 
the  first  emitter  pulse  and  stops  ris¬ 
ing  at  the  time  corresponding  to 
the  digit  to  be  printed.  After  the 
emitter  pulse  cycle  all  type  bars  are 
pressed  simultaneously  against  the 
type  ribbon  and  paper  on  the  car¬ 
riage  and  then  released. 

When  the  recorder  indicates  a 
negative  stress,  the  sign-indicator 
circuit  closes  a  dpdt  relay.  One  pole 
completes  a  circuit  which  lights  a 
panel  light.  The  other  closes  a  cir¬ 
cuit  used  for  the  punched  card  ma¬ 
chine  and  the  printer. 

Performance 

This  equipment  has  been  in  24  hr 
per  day,  six  day  per  week  service. 
Errors,  other  than  small  drifts  of 
the  transducers,  are  rare. 

Tube  replacement  has  been  the 
primary  maintenance  item  and  is 
carried  out  on  a  preventive  basis 
wherein  the  tubes,  although  of  pre¬ 
mium  type,  are  often  replaced  at  a 
rate  of  as  much  as  10  percent  a 
month. 

The  equipment  has  successfully 
fulfilled  the  particular  objective  of 
recording  wind-tunnel  data.  How¬ 
ever,  with  minor  modification,  the 
various  basic  sections  might  easily 
be  used  by  themselves  for  digital 
recording  of  voltages,  currents  and 
resistances  as  well  as  recording  fre¬ 
quency  and  time-coded  data. 
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Graphical  Designing  of 

Simplified  approach  to  transistor  oscillator  design  uses  graphical  method. 
Universal  method  of  designing  feedback  networks  is  used  with  graphic  tech¬ 
nique  to  design  a  highly  stable  transistor  crystal  oscillator  operating  at  1-mc. 


R*  McSPADDEN*  and  E.  EBERHARD^  Motorola,  Inc.,  We«tem  Military  Elactronlca  Center,  Phoenix,  Arlaona 


Anew  method  of  designing 
transistor  oscillators  de¬ 
scribed  in  this  article  is  versatile 
in  that  it  can  be  applied  with  little 
modification  to  many  different  cir¬ 
cuits  including  crystal  oscillators. 
It  is  comparatively  simple,  yet 
yields  results  accurate  enough  for 
most  engineering  design  calcula¬ 
tions. 


Conditions 

The  design  method  is  based  on 
Barkhausen’s  criteria  for  oscillation 
which  state  that:  while  in  a  steady- 
state  condition,  the  gain  around  the 
closed-loop  portion  of  any  oscillator 
must  be  unity,  and  the  phase  shift 
must  be  zero. 

To  simplify  the  problem,  these 
two  conditions  will  be  considered 
separately.  The  first  condition  de¬ 
termines  whether  or  not  the  circuit 
will  oscillate.  If  the  loop  gain  is 
lower  than  unity,  the  oscillator  will 
not  start,  and  if  it  is  higher  than 
unity,  the  oscillator  will  build  up 
in  amplitude  until  limiting  occurs 
somewhere  within  the  loop  and  the 
gain  is  thereby  reduced.  The  second 
condition  determines  the  frequency 
of  the  oscillator.  If  the  phase  shift 
is  not  zero,  the  frequency  shifts  in 
a  direction  to  make  it  zero. 

•Now  at  UnJv.  of  Arlsona 


FIG.  1 — G«n0ralix«d  osciUotor 


Design  of  transistor  oscillators 
involves  several  problems  that  are 
not  usually  present  for  vacuum-tube 
oscillators.  First,  the  ratio  of  out¬ 
put  impedance  to  input  impedance 
of  a  transistor  is  usually  high,  mak¬ 
ing  it  necessary  to  use  an  impedance 
transformer  in  the  feedback  net¬ 
work.  Second,  a  transistor  stage 
may  have  appreciable  phase  shift 
between  its  input  and  output.  In  ad¬ 
dition,  a  transistor  amplifier  may 
have  an  input  impedance  dependant 
on  the  load  impedance.  Further¬ 
more,  variations  of  transistor  pa¬ 
rameters  for  different  transistors  of 
the  same  type  may  be  considerable. 

Loop  Power  Gain 

Analysis  of  the  power  relation¬ 
ships  within  a  generalized  oscillator 
circuit  uses  an  approach  that  is 
kept  quite  general  so  it  may  be  ap¬ 
plied  to  any  type  of  feedback  oscil¬ 
lator.'  The  oscillator  is  first  divided 
into  three  blocks  as  indicated  in 
Fig.  1.  The  transistor  amplifier  has 
a  power  gain  G,  a  resistive  compo¬ 
nent  of  input  impedance  and  a 
power  output  of  P,.  The  oscillator 
is  shown  supplying  a  useful  load  Ri. 
with  a  power  Pi,.  The  coupling  from 
the  output  of  the  amplifier  back  to 
the  input  is  through  the  feedback 
network. 

The  feedback  network  has  an  in¬ 
put  resistive  component  Rf  which 
absorbs  power  P,,  and  delivers  a 
power  Pi  into  the  input  resistance 
R,  of  the  amplifier.  From  Fig.  1 
and  the  above  definitions,  the  fol¬ 
lowing  relationships  are  apparent: 


INPUT^  R„  ; 

. 

LOSSLESS 
TRANSFORMER 
IMPEDANCE 
RATIO,  K 

INPUT^  R„  1 

>  KR, 

3' 


FIG.  2 — SlmplUiad  r*pr*MBtatloa  oi  a 
lran«fonn*r  i**db<ick  Mtwork 


lationships  yields  the  following 
equation : 

Rt  -  R,/{Ea  -  l)  (4) 

This  equation  is  important  in  that 
it  shows  the  relationship  that  must 
exist  for  unity  loop  gain  between 
the  input  resistance  of  the  feedback 
network  and  the  load  resistance. 

Considering  some  of  the  general 
relationships  that  hold  for  the  feed¬ 
back  network,  it  is  assumed  that 
this  network  is  a  lossless  impedance 
transformer  paralleled  by  a  resist¬ 
ance  /?,  representing  the  open-cir¬ 
cuit  transformer  loss.  This  simpli¬ 
fication  assumes  that  the  short-cir¬ 
cuit  loss  of  the  transformer  is 
negligible.  This  has  been  found  to 
be  a  good  assumption  in  most  prac¬ 
tical  cases.  Considering  Fig.  2,  Rf 
is  the  input  impedance,  A  is  the  ac¬ 
tual  impedance  ratio,  K  is  the  theo¬ 
retical  impedance  ratio,  E  is  the 
transformer  efficiency,  and  R,  is 
the  load  on  the  secondary.  The  fol¬ 
lowing  relationships  hold: 


E  -  Pi/P/ 

(1) 

A  -  R,/R. 

(!i) 

P,  -  GPi 

(2) 

A  -  A'/(l  +  KR.  Rn) 

(6) 

Pl  ~  P,-  Pf 

(3) 

E  ~  A  K 

(7) 

Simple  manipulation  of  these 

re- 

The  simple  relationships 
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Transistor  Oscillators 


known  parcnnolon,  thia  procodoro  may  bo  uaod  to  aolro  ior  otbor  dosl^n  loctors 


pressed  in  Eq.  6  and  7  may  be  used 
with  good  accuracy  as  long  as  R,  is 
not  too  small.  Since  it  is  compara¬ 
tively  easy  to  obtain  by  measure¬ 
ment  or  by  using,  the  value  of  the 
circuit  Q  and  since  K  is  usually 
known,  Eq.  6  and  7  can  be  used  to 
obtain  the  actual  impedance  ratio 
and  the  transformer  efficiency  when 
loaded  by  R,.  These  quantities  can 


also  be  measured  experimentally  as 
functions  of  R,  if  a  higher  degree 
of  accuracy  is  desired. 

Excess  Gain 

Since  it  is  not  feasible  to  design 
an  oscillator  with  exactly  unity  loop 
gain,  any  practical  oscillator  has 
excess  loop  gain.  This  fact  simply 
causes  the  amplitude  of  oscillation 


to  increase  until  limiting  of  some 
sort  occurs  and  the  actual  gain  ex¬ 
actly  equals  the  minimum  loop  gain 
required  to  sustain  oscillation.  A 
factor  T  is  defined  as  the  ratio  of 
the  actual  class- A  amplifier  gain 
to  the  minimum  amplifier  gain  G 
necessary  to  permit  oscillation. 

r  -  G,/G  (8) 

When  T  =  1,  oscillation  is  just 
possible. 

For  some  cases  a  mathematical 
analysis  of  loop  gain  may  be  simple, 
but  the  problem  is  often  complicated 
by  the  interdependence  of  several 
parts  of  the  oscillator  loop. 

Graphic  Method 

The  graphical  method  of  ap¬ 
proach  used  here  was  evolved  with 
the  idea  of  aiding  the  designer  to 
solve  this  problem.  It  not  only 
makes  the  solution  easier,  but  also 
presentvS  clearly  the  effect  of  vary¬ 
ing  the  several  circuit  parameters. 

Consider  in  detail  the  diagram  • 
show’n  in  Fig.  3.  Four  resistance 
axes  have  been  plotted.  The  upper 
right-hand  quadrant  is  bounded  by 
R„  the  total  collector  load  on  the 
transistor,  and  R„  the  input  resist¬ 
ance  of  the  transistor  amplifier.  In 
most  simple  oscillator  circuits  R,  = 
R. ;  however,  this  is  not  the  case  for 
certain  types  of  crystal  oscillators. 
This  quadrant  is  called  the  tran¬ 
sistor  quadrant  in  which  a  curve  of 
Rt  against  R,  is  plotted  for  the  tran¬ 
sistor  to  be  used.  The  upper  left- 
hand  quadrant  is  bounded  by  the 
axes  Rt  and  Rf.  This  quadrant  is 
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the  impedance  transformer  quad¬ 
rant  and  in  it  a  straight  line  repre¬ 
senting  the  actual  transformation 
ratio  A  of  the  impedance  trans¬ 
former  is  drawn  based  on  Eq.  5. 

The  lower  left  hand  quadrant, 
Dounded  by  the  axes  R,  and  R,.,  is 
known  as  the  power  division  quad¬ 
rant  and  is  related  to  Eq.  4.  This 
quadrant  contains  a  straight  line 
relating  R,  and  Ri  to  a.  given  effi¬ 
ciency-gain  product  EG.  In  this 
quadrant  it  is  possible  to  design  for 
a  given  value  of  r  by  simply  making 
G  equal  to  G,/t. 

The  lower  right  hand  quadrant  is 
termed  the  load  quadrant.  It  con¬ 
tains  a  curve  showing  the  relation¬ 
ship  between  Ri  and  Ri  for  a  fixed 
value  of  Rf. 

Using  Diagram 

To  use  this  diagram,  assume  it  is 
desired  to  operate  with  a  total  tran¬ 
sistor  load  represented  by  point  a 
on  the  R,  axis  using  a  known  im¬ 
pedance  transformer  having  an  ac¬ 
tual  transformation  ratio  and  an 
efficiency  E.  This  value  of  A*  cor¬ 
responds  to  a  particular  curve  in 
the  second  quadrant.  From  point  a 
project  a  vertical  line  to  b,  a  hori¬ 
zontal  line  to  e  and  d,  and  another 
vertical  line  downward  to  point  e. 
Also  project  downward  from  a  to  h 
and  horizontally  to  g.  The  particu¬ 
lar  R,  curve  used  in  the  fourth 
quadrant  must  agree  with  the  value 
of  Rf  from  point  e.  Point  e  repre¬ 
sents  the  value  of  the  input  im¬ 
pedance  of  the  feedback  network 
and  point  g  represents  the  value  of 
Rl  which  in  combination  with  R, 
gives  the  original  assumed  value 
of  R,. 

By  simply  extending  lines  g-h 
and  d-e  until  they  intersect  at  f,  the 
efficiency-gain  product  necessary  to 
just  produce  oscillation  can  be 
found.  Since  E  was  given  and  the 
EG  product  is  known  from  point  /, 
the  minimum  required  gain  G  can 
be  obtained.  If  this  gain  is  larger 
than  G^  the  class-A  gain  of  the 
transistor,  the  circuit  will  not  oscil¬ 
late.  If  G  is  less  than  G,  oscillation 
will  occur  and  t  (which  is  now 
greater  than  unity)  may  be  avalu- 
ated  from  Eq.  8. 

Many  variations  in  this  procedure 
will  immediately  be  apparent.  For 
instance,  the  design  might  be 
started  with  Rt.,  R„  r  and  E  known 


and  the  impedance  matching  net¬ 
work  to  be  determined. 

Advantages 

One  of  the  advantages  of  this 
design  procedure  is  its  versatility. 
A  simple  modification  of  the  basic 
plot  of  Fig.  3  permits  this  procedure 
to  be  applied  to  a  crystal  oscillator 
using  the  crystal  in  its  series  mode. 
This  modification  is  accomplished 
by  adding  the  transistor  input  re¬ 
sistance  Rt  to  the  equivalent  series 
resistance  R,  of  the  crystal  at  reso¬ 
nance  to  obtain  a  new  value  of  R,. 
The  efficiency  E  is  then  reevaluated 
to  account  for  the  power  loss  in  the 
crystal.  A  later  design  example  will 
illustrate  this  case. 

To  simplify  the  graphical  process, 
an  additional  curve  can  be  included 
in  the  first  quadrant.  This  curve  is 
a  plot  of  transistor  power  gain  P, 
against  the  total  load  resistance  R, 
and  facilitates  the  design  by  mak¬ 
ing  it  easy  to  evaluate  the  effect  of 
operation  at  different  values  of  R,. 

The  design  process  can  be  speeded 
by  starting  with  families  of  curves 
in  all  but  the  transistor  quad¬ 


rant.  These  can  be  plotted  to 
cover  a  wide  variation  of  impedance 
ratios,  efficiency  gain  products,  and 
values  of  R,,  Rl  and  R,.  If  curves 
of  power  gain  and  Rt  are  known  for 
limit  transistors,  these  can  also  be 
readily  plotted  in  the  transistor 
quadrant. 

Feedback  Network 

As  previously  explained,  the  feed¬ 
back  network  has  two  parts :  a 
shunt  resistance  R„  and  a  lossless 
transformer  with  an  impedance 
ratio  of  K,  as  shown  in  Fig.  2. 
Theoretically  the  study  of  any  im¬ 
pedance  transformer  could  be  re¬ 
duced  to  a  study  of  the  two  factors 
R.  and  K.  Once  these  two  factors 
are  known  for  a  given  network,  Eq. 
5,  6  and  7  apply.  In  general,  the 
feedback  network  is  a  band-pass 
filter  tuned  to  the  desired  frequency 
of  operation.  Assuming  that  high-Q 
coils  (Q  >  10)  are  used  in  the  net¬ 
work,  then  R.  is  obtained  simply  by 
unloading  the  secondary  (R.  =  x) 
and  calculating  the  input  resistance 
of  the  network  at  resonance.  An  ex¬ 
pression  for  K  is  obtained  by  assum- 


FIG.  5 — Aa  •xompl*  oi  crystal  oscillator  doslga  wUh  on  L-C-L  Isodback  aotwork. 
Transistor  typo  Is  a  2N247  and  ths  dsslrsd  iroqnsncy  oi  oscillation  Is  1  me 
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ing  lossless  components  of  the  filter 
and  calculating  Rf  sm  &  function 
of  R.. 

Because  of  the  assumption  that 
the  short-circuit  losses  are  zero, 
there  will  always  be  some  minimum 
value  of  R,  for  which  the  design 
equations  are  valid.  This  relation¬ 
ship  should  be  stated  for  each  net¬ 
work  since  the  errors  can  be  serious 
if  ignored. 

Using  the  principles  outlined  in 
the  above  two  paragraphs,  the  de¬ 
sign  equations  for  three  common 
networks  have  been  developed.  The 
basic  relationships  and  limitations 
are  shown  in  Fig.  4. 

An  oscillator  using  the  network 
of  Pig.  4C  is  a  Colpitts  oscillator, 
and  if  L,  and  R,  of  this  network  are 
replaced  by  a  parallel  mode  crystal, 
it  becomes  the  familiar  Pierce  os¬ 
cillator.  The  assumptions  of  Fig. 
4C  do  not  apply  in  the  latter  case; 
modifications  may  be  found  else¬ 
where.* 

Dmsign  ixampi* 

A  crystal  oscillator  with  an  L-C-C 
network  has  been  chosen  to  illus¬ 
trate  the  desigrn  procedures.  It  is 
assumed  that  the  transistor,  crystal 
and  load  resistance  are  specified. 
The  frequency  of  operation  is  to  be 
1  me,  the  transitor  is  to  be  a  type 
2N247  with  a  6,900-ohm  useful  load 
and  the  crystal  is  to  be  a  CR-19/  U. 
Referring  to  Fig.  5,  the  design  then 
proceeds  as  follows: 

(1)  Design  the  transistor  bias 
network  and  evaluate  the  input  re¬ 
sistance  and  power  gain  at  1  me 
for  several  values  of  R,.  See  any 
standard  transistor  text  for  the  bias 
network  design.  Plot  R,  and  the 
power  gain  G,  against  R,  as  in  Fig. 
5.  For  this  example  R,  =  4,700 
ohms;  /?,  =  180,000  ohms;  /,  = 
1  ma;  V,,  =  3  v;  /?,  of  the  crystal  = 
140  ohms. 

(2)  Locate  all  known  points  or 
curves  on  Fig.  5.  Rl  =  6,900  ohms; 
Ri  =  34  ohms  (approximately  con¬ 
stant)  ;  R,  =  R,  -f-  /?,  =  174  ohms. 

(3)  Choose  a  value  of  Rf  that  is 
high  compared  to  Let  R,  = 
36,000  ohms.  Locate  this  point  on 
the  graph. 

(4)  Close  the  loop  and  record  the 
following  parameters:  Ru  =  6,900 
ohms;  A  =  200;  R,  =  174  ohms; 
EG  =  6.1;  Rf  =  36,000  ohms;  and 
G,  =  170. 


(6)  Now  choose  L,.  For  this  ex¬ 
ample  a  small  ferrite  toroidal  in¬ 
ductor  was  available  having  the  fol¬ 
lowing  constants :  L,  =  286  /ih ;  Q  = 
147;  R,  =  12.2  ohms;  the  tuning 
capacitor  Ci  required  to  resonate 
with  this  coil  is  90  /i/if. 

(6)  Calculate  R.  and  K:  R.  = 
QXt,  =  266,000  ohms;  K  —  AR,i 
(R.  -  AR.)  -  231. 

(7)  Calculate  efficiencies  and 
loop  gain:  Et  =  AjK  =  0.867  = 


FIG.  S— Output  Toltaq*  oa  a  tunetton 
of  loop  qoin  for  cm  oacUlotor  blosod 
noar  contor  of  clos*-A  roqion 


transformer  efficiency ;  E.  =  R,/R. 
=  0.196  =  crystal  efficiency;  r  = 
E,  E,  G,/EG  =  4.7.  With  this  value 
of  r  oscillation  is  assured. 

(8)  Calculate  netwotk  capaci¬ 
tors  :  C,  =  \yK  C,  =  1,370  niit ;  C,  = 
CJWK  -  1)  =  96.6  Mfif- 

The  above  oscillator  was  con¬ 
structed  and  oscillated  strongly  as 
would  be  expected  with  the  chosen 
value  of  T.  When  tested  for  stability 
with  resptect  to  supply  voltage  vari¬ 
ations  it  showed  a  frequency  shift 
of  0.03  ppm  for  a  1  percent  change. 

Output  Voltage 

The  determination  of  oscillator 
output  voltage  is  often  an  important 
consideration  in  the  design.  The 
prediction  is  tied  closely  to  the  loop- 
gain  analysis.  In  fact,  the  problem 
can  be  solved  completely  if  the  fol¬ 
lowing  two  factors  are  known:  the 
curve  of  power  gain  against  output 
voltage  with  the  desired  load  and  at 
the  desired  operating  point  and 
the  minimum  gain  G  to  permit  os¬ 
cillation.  With  these  factors  at 
hand,  the  resulting  amplitude  of  the 
oscillator  can  be  predicted  with  good 
accuracy. 

In  practice,  the  above  data  is 
often  not  known  and  the  designer 
may  want  to  make  a  rough  estimate 


of  the  output  voltage  without  ob¬ 
taining  the  power  gain  versus  out¬ 
put  voltage  curve.  If  the  osciHator 
is  biased  such  that  its  operating 
point  is  fixed  and  is  near  the  center 
of  its  class-A  region,  the  output 
voltage  can  be  estimated  from  the 
amount  of  excess  loop  gain.  This 
estimate  makes  use  of  the  fact  that 
limiting  will  occur  sharply  and  gain 
will  fall  off  rapidly  when  the  a-c 
peak  voltage  at  the  collector  equals 
the  d-c  collector  voltage. 

Experimental  data  shows  (see 
Fig.  6)  that  if  the  loop  gain,  t,  is 
greater  than  about  1.8,  the  output 
voltage  will  be  within  about  16  per¬ 
cent  of  this  maximum  theoretical 
value.  If  r  is  greater  than  about 
2.6  the  output  voltage  will  be  within 
about  6  percent  of  its  maximum 
theoretical  value.  This  relationship 
holds  only  if  the  amplitude  limiting 
is  quite  sharp.  For  instance,  if  the 
transistor  is  biased  near  cutoff, 
limiting  will  start  at  much  lower 
values  of  collector  peak  voltage,  but 
the  limiting  action  will  not  be  as 
sharp  and  the  output  amplitude  will 
continue  to  increase,  even  though 
the  gain  decreases,  until  the  peak 
a-c  voltage  equals  the  d-c  voltage. 
In  this  case  it  would  be  necessary 
to  know  the  gain  characteristic  to 
predict  the  output  voltage. 

Oscillator  Frequency 

To  investigate  the  factors  influ¬ 
encing  the  frequency  of  the  oscil¬ 
lator  consider  the  Barkhausen  cri¬ 
terion  that  the  phase  shift  around 
the  loop  must  be  zero  for  any  oscil¬ 
lator  in  a  steady-state  condition. 

When  the  amplifier  portion  of  the 
circuit  is  a  transistor  the  assump¬ 
tion  that  the  phase  shift  equals  180 
deg  through  the  device  is  not  nearly 
good  enough  and  it  usually  becomes 
necessary  to  consider  the  phase 
shift  within  the  transistor  to  pre¬ 
dict  the  operating  frequency  with 
accuracy.  For  best  frequency  sta¬ 
bility  the  amplifier  should  have 
little  phase  shift.  The  factor  of  pri¬ 
mary  importance  here  is  the  mag¬ 
nitude  of  the  phase  angle  associated 
with  the  transistor  transfer  char¬ 
acteristics  hf,  or  kft. 
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Slotted  Waveguide  Array 


Rectangular  slotted  waveguide  antenna,  designed  for  marine  radar  applica¬ 
tions,  uses  waveguide  with  126  inclined  slots,  a  30-degree  flared  horn,  metal 
grating  and  window.  Full  length  chokes  between  waveguide  and  horn  lick 
back-radiation  problem.  Grating  eliminates  cross-polarized  radiation 


By  H.  G.  BYERS  anH  M.  KATGHKY, 

Canadian  AraenaU  Limited,  Instrument  and  Kadar  Division,  Toronto,  Ontario,  Canada 


View  oi  antenna  showinq  coslnq,  sprinq  dipt,  slotted  waveqnide— minus  matched 
termination,  horn  plate  and  metal  plate  qrotinq.  Not  shown  ore  Flberqloa  tope 
and  protective  Plexiqlas  window 


Pattern  measurements  belnq  taken  on  the  12-ioot.  X-bond  slotted  wovequlde 
antenna.  Array  was  developed  ior  marine  radar  to  minimise  mechanical  loadinq 
eilects  os  well  os  spurious  tarqet  return  resultlnq  from  back  radiation 


Antennas  commonly  used  in 
.marine  radar  are  truncated 
parabolic  reflectors  with  a  dipole 
or  waveguide  horn  feed.  Although 
this  type  of  antenna  usually  has  a 
good  radiation  pattern  with  low 
near-in  side  lobe  level,  it  presents 
considerable  wide  angle  and  back 
radiation  problems.  These  radia¬ 
tions,  which  create  false  ma.sking 
echoes  when  navigating  in  narrow 
channels  or  near  massive  land  tar¬ 
gets,  are  difflcult  to  suppress  com¬ 
pletely.  Practical  efforts  to  mini¬ 
mize  the  back  radiation  from  the 
antenna  result  in  a  narrow  vertical 
beamwidth,  which  makes  radar 
coverage  unreliable  particularly 
when  ships  are  navigated  in  heavy 
seas. 

An  investigation  to  And  a  more 
suitable  type  of  antenna  for  marine 
radar  led  to  the  development  of  the 
slotted  waveguide  array,  which 
meets  all  the  electrical  require¬ 
ments  and  has  all  the  advantages 
not  inherent  in  the  reflector-type 
antenna. 

General  Description 

Construction  details  of  the  an¬ 
tenna  are  shown  in  Fig.  1.  The 
waveguide  feed  connects  the  slotted 
waveguide  array,  which  is  inside 
the  casing,  to  the  rotary  joint  in 
the  gear  box  (not  shown).  Briefly, 
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the  antenna  consists  of  a  rectangu¬ 
lar  waveguide  that  has  inclined 
slots  cut  at  regular  intervals  in  one 
of  the  narrow  walls.  The  waveguide 
is  at  the  throat  of  a  horn,  the  side 
containing  the  slots  being  nearest 
the  horn  mouth,  or  aperture.  The 
horn  extends  the  full  length  of  the 
waveguide.  The  waveguide  and 
horn  are  enclosed  in  a  casing  that 
mounts  and  protects  the  internal 
antenna  elements  from  the  weather. 

Full  length  chokes,  located  be¬ 
tween  the  waveguide  and  horn, 
prevent  back  radiation.  A  metal- 
plate  grating,  mounted  across  the 
horn  aperture  and  extending  the 
full  length  of  the  array,  eliminates 
cross-polarized  radiation  from  slots. 

Advantage* 

This  antenna  is  compact  and  re¬ 
quires  considerably  less  volume  and 
frontal  surface  than  a  parabolic 
reflector  antenna  with  the  same 
vertical  and  horizontal  beamwidths. 
The  aperture  efficiency,  expressed 
as  the  ratio  of  the  actual  antenna 
gain  to  the  theoretical  maximum 
gain  for  a  given  antenna  is  high  in 
this  design.  Thus,  it  is  reasonable 
to  expect  that  the  wind  and  weight 
loading  on  the  rotating  mechanism 
is  much  less  with  this  antenna. 

Inclined  slots  in  the  narrow  side 
of  the  waveguide  can  be  machined 
easily  and  accurately.  Since  this  is 


the  only  part  of  the  construction  in 
which  the  dimensions  are  critical, 
the  production  and  inspection  costs 
are  considerably  lower,  A  further 
advantage  of  the  slotted  waveguide 
type  of  antenna  is  the  beamwidths 
that  can  be  obtained,  both  in  the 
horizontal  and  vertical  plane.  For 
example,  it  is  possible  to  obtain 
half-power  horizontal  beamwidths 
from  0.6  to  2.5  deg  and  vertical 
beamwidths  from  15  to  25  deg  or 
more  by  making  minor  changes  in 
design  and  production  tooling. 

Design  Consideration 

Inclined  slots  are  used  in  the 
narrow  wall  to  satisfy  marine  radar 
requirements  for  horizontal  polar¬ 
ization.* 

To  obtain  sufficient  bandwidth 
the  desigrn  must  be  a  nonresonant 
traveling-wave  array,  for  example, 
an  end-fed  array  of  resonant  slots 
at  nonresonant  separation  and  ter¬ 
minated  in  a  matched  load.’  The 
squint  angle,  the  angle  between  the 
normal  to  the  array  and  the  line  of 
maximum  radiation,  inherent  in 
nonresonant  arrays  is  not  a  serious 
disadvantage  in  this  application  be¬ 
cause  bearing  calibration  and 
alignment  of  the  heading  marker  is 
usually  performed  on  fixed  targets 
of  known  bearing.  The  change  in 
squint  angle  with  wavelength  is 
sniall  over  the  operating  range  of 


FIG.  2 — Variation  of  slot  conductanco 
with  onql*  oi  inclination  for  1/ 16-in. 
wido  tlots  cut  b)  BG-S2/U  waToquido 


FIG.  1 — Soction  viowi  oi  compact 
•lottod-woToquido  ontonna.  Intomol 
porta  ora  protoctod  from  waathor  by  tha 
cosinq  cmd  Plexiqlas  window. 


the  magnetrons  commonly  used  in 
marine  radar  transmitters.  The  op¬ 
erating  range  is  usually  3.19  to 
3.21  cm.  In  cases  where  this  devia¬ 
tion  is  important,  a  correction  fac¬ 
tor  depending  on  magnetron  wave¬ 
length  can  be  applied  to  the  bearing 
calibration  on  the  display. 

Array  Design 

The  basic  formulas  used  in  the 
development  of  the  slotted  wave¬ 
guide  was  derived  during  the  war 
years.’  * 

The  low  side-lobe  level  require¬ 
ment  can  be  met  only  by  using  a 
relatively  steep  taper  of  radiated 
energy  along  the  array  aperture. 
Fortunately,  inclined  slots  in  the 
narrow  wall  satisfy  this  require¬ 
ment.  The  slots  behave  electrically 
like  shunt-coupled  elements  to  the 
transmission  line,  with  the  value  of 
their  normalized  conductance  being 
closely  related  to  the  angle  of  in¬ 
clination  by  the  relation  for  G, 
given  by  G.  =  A  sin’  4>  (for  values 
of  6  less  than  15  deg)  where  A  is 
the  constant  of  proportionality  and 
G.  is  the  normalized  conductance. 

The  value  of  .4  is  influenced  to 
some  extent  by  the  type  of  dielec¬ 
tric  tape  u.sed  for  weatherproofing, 
and  is  best  determined  empirically. 
The  depth  of  cut  into  the  waveguide 
determines  the  effective  length  of 
the  slot.  Although  the  slots  are  at 
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FIG.  3 — DMiqn  curr*  ior  parallel  plate 
fratinq  ehowinq  eiiect  oi  qratinq  (pac¬ 
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FIG.  4 — Typical  horizontal  radiation 
pattern  oi  dotted  wareguide  antenna 
ior  wavelength  oi  3.2  cm 


a  nonresonant  spacing,  each  slot 
must  be  a  resonant  element  for  op¬ 
timum  pattern,  and  this  is  achieved 
by  controlling  the  depth  of  cut  to 
the  value  shown  in  Fig.  1.  Figure  2 
shows  the  variation  of  slot  conduct¬ 
ance  with  angle  of  inclination. 

Since  power  radiated  by  each 
slot  is  proportional  to  its  normal¬ 
ized  conductance,  the  desired  taper 
can  be  achieved  by  simply  calculat¬ 
ing  the  required  angle  of  inclina¬ 
tion  of  each  slot.  With  the  slots  al¬ 
ternately  inclined  the  phase  is 
reversed  by  180  deg  and  this  en¬ 
ables  the  slot  spacings  to  be  less 
than  a  free-space  wavelength. 

Without  phase  reversal,  the  spac¬ 
ing  between  slots  would  have  to  be 
greater  than  a  free-space  wave¬ 
length  to  achieve  the  required 
phase  relationship  between  succes¬ 
sive  slots,  and  this  would  create 
large  second  principle  order  lobes 
in  the  horizontal  radiation  pattern. 

Horn  Dosign 

The  required  vertical  beamwidth 
is  obtained  by  placing  the  array  at 
the  throat  of  a  sectoral  horn  that 
extends  along  the  full  length  of  the 
array.  To  keep  the  size  of  the  horn 
within  practical  limits,  a  flare  angle 
is  set  at  30  deg.  The  30-deg  flare 
can  be  used  to  cover  the  full  range 


of  vertical  beamwidths  from  15  to 
25  deg  or  more,  between  half  power 
points,  by  simply  changing  the  horn 
length  hence  the  vertical  aperture. 

Experimentation  on  a  mock-up 
of  the  final  design  indicated  that  a 
vertical  aperture  of  4i  in.  would 
give  a  beamwidth  of  16  deg.  at  half 
power.  Experiments  also  proved 
that  the  horn  has  negligible  effect 
on  the  horizontal  radiation  pattern 
of  the  array  and  that  the  position 
of  the  array  at  the  throat  of  the 
horn  is  not  critical. 

Grating  and  Window 

The  inclination  of  the  slots  pro¬ 
duces  a  vertically  polarized  compo¬ 
nent  of  radiation  that  does  not  re¬ 
verse  pha.se  with  inclination,  and 
this  results  in  fairly  large  lobes  at 
approximately  40  deg  on  either 
side  of  the  main  beam  in  the  hori¬ 
zontal  plane.  To  remove  these 
cross-polarized  lobes,  some  type  of 
filter  must  be  used  across  the  horn 
aperture  that  will  have  negligible 
effect  on  the  normal  horizontally 
polarized  radiation.  A  grating,  con¬ 
sisting  of  thin,  vertical,  parallel 
metal  plates  that  form  short 
lengths  of  waveguide  for  the  verti¬ 
cal  components  of  the  electric  field, 
acts  as  the  filter.  With  the  plates 
spaced  le.^s  than  one-half  free 
space  wavelength  apart,  the  wave¬ 
guide  is  below  cutoff  and  the  verti¬ 
cally  polarized  field  is  highly  at¬ 
tenuated.  The  exact  spacing  is 
based  on  empirical  data  (Fig.  3).* 

The  percent  r-f  transmission  for 
normal  incidence  is  shown  as  a 
function  of  the  center-to-center 
spacing  between  plates  and  the 
depth  of  the  plates. 

Without  the  grating,  the  ampli¬ 
tude  of  these  cross-polarized  lobes 
rs  15  to  17  percent  in  field  .strength 
when  referred  to  the  peak  of  the 
horizontally  polarized  radiation 
pattern.  To  reduce  these  lobes  to 


FIG.  5 —  Typical  ▼•rtical  radlatton  pat¬ 
tern  oi  (loMad  woToguid*  anionna  for 
wavolonglh  oi  3.2  cm 


one  percent,  a  transmission  factor 
of  0.5  percent  is  required.  The  de¬ 
sired  results  are  obtained  with  a 
grating  space  of  0.5-in.,  center-to- 
center,  0.625-in.  deep  and  a  plate 
thickness  of  0.02  in. 

A  0.04-  to  0.05-in.  Plexiglas  win¬ 
dow  at  the  mouth  of  the  horn  pre¬ 
vents  snow,  ice,  or  other  foreign 
material  from  collecting  either  in 
the  horn  or  between  the  parallel 
plates  in  the  grating.  The  slotted 
array  is  made  weatherproof  by  a 
single  layer  of  Fiberglas  tape  that 
is  thermally  bonded  to  the  wave¬ 
guide. 

This  bond  completely  seals  all  the 
slots  in  the  array  and  prevents 
moisture  from  collecting  in  the 
waveguide.  The  tape  introduces  a 
small  reduction  in  gain  because  of 
dissipative  and  reflective  losses.  It 
also  affects  the  conductance  and 
resonant  length  of  each  slot. 

Matched  Terminertion 

% 

The  matched  termination  is  es¬ 
sential  to  the  performance  of  a 
nonresonant  array  because  it  elimi¬ 
nates  reflections  from  the  end  of 
the  array  which  would  otherwise  be 
radiated  as  a  side  lobe  in  the  hori¬ 
zontal  plane  at  an  angle  from  the 
normal  equal  and  opposite  to  that 
of  the  main  beam.  Al.so,  the 
matched  termination  pre.sents  the 
required  impedance  at  all  points 
along  the  array  to  ensure  the 
proper  distribution  of  power  to 
each  radiating  element.  The  termi¬ 
nation  must  handle  at  least  four 
percent  of  the  total  transmitter 
power  and  withstand  vibration  and 
shock. 

The  material  selected  is  a  special 
grade  of  polyiron,  which  is  ma¬ 
chined  to  a  special  shape  and  is 
bolted  to  the  narrow  wall  of  the 
waveguide.  The  termination  has  a 
maximum  vswr  of  1.05,  and  is  an 
integral  part  of  the  slotted  array. 

Figure  4  shows  a  typical  hori¬ 
zontal  pattern  and  Fig.  5  shows  a 
typical  vertical  antenna  pattern. 
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FIG.  1 — Maximuin  power  tronaior  occur* 
when  Bl  is  qoomotric  moan  of  tr  and  r;. 
Charoctorisilcs  oxlsl  whon  E  <  rt. 


FIG.  2 — Four  poromotor*  shown  woro 
•Toluatod  for  transistors  connoctod  in 
Ihoir  invortod,  or  conunon-coUoctor  iom 


FIG.  3 — Low-Iovol  modulatinq  circuit. 
If  Vp  Toluos  aro  kopt  bolow  O.I  milli- 
▼olt  by  usinq  audio  transistors,  tbs  out¬ 
put  will  contedn  o  ssro-siqnol  a-c  com¬ 
ponent  whose  maximum  maqnitude  is 
04  miltirolt.  Effect  of  mismatch  in  t, 
and  r/  is  minimised  M  Bl  >>  tt 


Transistor  Switch  Design 

Four  si^ifirant  parameters  affecting  transistor  switches  are  tabulated  for 
eight  transistor  types.  Data  presented  permits  designer  to  match  transistor 
pairs  for  optimum  operating  characteristics 

ARTHUR  GILL*y  RcKesrch  Division,  Raytheon  Manufacturing  Co.,  Waltham,  Mass. 


Transistors  can  be  used  as 
sensitive  spst  switches  by  ap¬ 
propriately  controlling  base-to-col- 
lector  voltage.'  A  pnp  transistor 
switch  and  its  emitter-collector 
characteristics  are  shown  in  Fig.  1. 

When  base  voltage  is  positive, 
switch  exhibits  high  resistance  r,; 
when  negative,  low  resistance  r,. 
Ratio  r,/r,  is  a  measure  of  switch 

•  Now  with  the  University  of  California 


efficiency — the  higher  the  ratio,  the 
lower  the  average  power  dissipated 
in  the  switch  as  compared  to  that 
delivered  to  load  resistor  Re 

.An  enlarged  view  of  the  v. — t, 
field  near  the  origin  is  shown  in 
Fig.  2.  With  the  .switch  on,  re¬ 
sidual  voltage  Vp  exists  across  the 
load;  with  the  switch  off,  residual 
current  /,  flows  through  the  load. 
These  two  quantities  impose  a 


lower  limit  on  signal  voltage  E. 

Parameters  r„  r„  F,  and  Ip  are 
significant  when  transistors  are  em¬ 
ployed  with  low-level  modulators. 
Mean  value  and  deviation  of  the 
four  parameters  are  given  for  vari¬ 
ous  types  of  transistors  in  Table 
I.  Deviation  is  defined  as  the 
amount  by  which  50  percent  or 
more  of  the  samples  varied  from 
the  mean  value.  All  transistors 
were  switched  on  by  a  forward  cur¬ 
rent  of  five  milliamperes  and  off  by 
a  reverse  voltage  of  1.5  volts.  It 
was  observed  that  /,  and  r,  were 
subjected  to  considerable  drift 
while,  F,  and  r,  remained  constant. 

Efficiency  of  Modulators 

Sensitivity  of  modulators  can  be 
increased  by  connecting  the  tran¬ 
sistor  switches  in  opposition  to 
cancel  the  effects  of  F,  and  /,.  Since 
it  is  easier  to  match  units  with  re¬ 
spect  to  Vp,  the  designer  should 
strive  to  construct  the  modulating 
circuit  so  that  the  effect  of  /,  is 
negligible. 

Reference 

(1)  R.  L.  Bright,  Transistor  Chopper 
for  Stable  D-C  Ampliflers,  Elbctronics, 
p  133,  Apr.,  1935. 


Table  I — Switching  Parameters  for  Various  Types  of  Transistors 


X'p  in  iiiv 

r/  in 

dims 

/.  in  iia 

r,  in  m*w  I 

Type 

No.  of 

Mean 

r)e\. 

Mean 

De\ . 

M«*an 

Dev. 

Mean 

Dev. 

Samples 

Audio 

2NI.1I 

100 

1  7 

0  I 

II 

15 

0  23 

0  03 

5  6 

3 

liilHlernl 

CKBTO 

.')0 

.T  6 

1.5 

2  3 

0  2 

3.1 

0.08 

17 

5 

CK8TI 

.V) 

15 

0  9 

17 

0  2 

3  3 

0  09 

1 1 

6 

Itudio 

Fr»MiiM*n«'v 

CK760 

2.5 

18 

0  3 

19 

0  2 

0  17 

0  ot 

90 

to 

r.KThl 

2.5 

1. 1 

0.3 

15 

0  2 

0  15 

0  05 

55 

15 

r.K762 

2.5 

It 

0  2 

I 

0  1 

0.25 

0  05 

12 

25 

High  Ih'ta 

r.K7.'>t 

25 

It 

0.05 

I  8 

O.I 

0  21 

0  Ot 

70 

.30 

Silicon 

CK791 

22 

o  o 

0.2 

28 

12 

0.015 

0.002 

>1000 
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Contour  Plotter  Monitors 


Lantern  slides  are  prepared  which  transmit  light  in  proportion  to  the  radia¬ 
tion  dose  rate  of  the  beam  under  consideration.  A  vidicon  camera  scans  the 
slide  images  and  displays  contour  lines  on  a  crt  monitor  showing  light  dis¬ 
tribution  as  a  function  of  dose  level.  Light  intensity  at  each  point  of  the 
screen  is  proportional  to  the  total  dose  from  several  radiation  beams 


By  GLEN  H.  SANDBERG,  Department  of  Radiology,  ColleKe  of  Medicine,  Univeraity  of  lilinois 


Radiologists  are  concerned 
with  the  dose  distribution  in 
multiple-port  radiation  therapy, 
which  results  from  superimposing 
several  beams  of  ionizing  radiation. 
With  the  multiple-port  technique  a 
large  total  dose  is  delivered  to  a 
lesion  deep  in  the  body  where  the 
beams  cross,  and  a  minimum  dose  is 
delivered  to  surrounding  healthy 
tissues.* 

Dose  distribution  has  been  deter¬ 
mined  in  the  past  by  a  number  of 
methods  which  are  either  tedious  or 
inaccurate,  such  as  manually  adding 
doses  from  the  several  beams  deliv¬ 
ered  to  the  point  in  question.*  The 
procedure  must  be  repeated  for  each 
point  to  be  evaluated  and  requires 
hours  to  evaluate  enough  points  for 
plotting  isodose  curves.  If  the  ra¬ 
diologist  decides  to  try  a  slightly 


Multlpl*-port  radiatioii  therapy  deUvera 
a  large  total  doee  to  a  lesion  deep  in 
the  body  and  a  mlntmuni  doee  to  lur- 
rounding  healthy  tissue 


different  arrangement  of  fields  a 
completely  new  evaluation  of  dose 
distribution  is  needed. 

With  the  instrument  to  be  de¬ 
scribed,  isodose  curves  are  displayed 
continuously,  responding  instan¬ 
taneously  to  changes  in  the  treat¬ 
ment  plan  under  consideration. 

Addition  of  Fiold» 

An  optical  analog  system  is  used 
to  add  the  ionization  dose  distribu¬ 
tions  from  several  radiation  beams. 
Lantern  slides  are  prepared  which 
transmit  light  in  proportion  to  the 
dose  rate  at  each  point  in  the  sec¬ 
tion  of  the  beam  under  considera¬ 
tion.* 

When  images  from  a  number  of 
projectors  are  superimposed  on  a 
screen,  the  light  intensity  at  each 
point  of  the  screen  is  proportional 
to  the  total  dose  from  the  several 
radiation  beams,  at  the  correspond¬ 
ing  point  in  the  cross  section  of  the 
patient.  This  process  is  shown  in 
Figs.  1  and  2. 

The  video  amplifier  used  to  drive 
the  germanium  diode  gate  circuits 
is  shown  in  Pig.  3.  A  grounded-grid 
amplifier  is  driven  from  the 
0.5-v,  72-ohm  output  of  the  camera. 
Cathode  follower  V„  isolates  Vu 
from  the  input  capacitance  of  V,a,  a 
second  voltage  amplifier  which 
drives  the  cathode  follower  output 
amplifier,  Vm  and  V,.  in  parallel. 

Inverse  feedback  is  provided  to 
the  grid  of  V,a  by  R,  and  C,  in  series 
with  the  10,000  ohm  load  of  V,  sta- 
blizing  the  overall  gain  at  about  50 
and  improving  the  high-frequency 
response.  The  gain  is  flat  within 
about  1.5  db.  from  d-c  to  5  me. 


Vldoo  omplUtor  UMd  to  driv*  garmoafaiai 
dlod*  got*  drcnlta 


Five  gate  circuits  are  used  to 
simultaneously  generate  five  inde¬ 
pendent  isodose  curves.  Each  con¬ 
sists  of  two  type  1N55B  germanium 
diodes  connected  in  series  opposing, 
with  current  bias  of  about  lOOfia 
to  make  both  conduct  when  the  in¬ 
put  voltage  is  within  about  0.1  of 
the  reference  level  on  the  control 
panel. 

The  input  terminals  of  the  five 
gates  are  connected  together  and 
to  the  cathodes  of  V,  through  L, 
which  picks  up  a  70-mc  signal 
from  L„  the  tank  coil  of  oscillator 
V„.  The  output  terminal  of  each 
gate  is  connected  through  T,  to  a 
bypass  capacitor  and  to  a  poten¬ 
tiometer  which  provides  reference 
voltage.  Mixing  transformer  T,  con¬ 
nects  the  gate  outputs  to  the  r-f 
input  of  the  monitor. 

A  21-in.  home  television  receiver 
is  used  to  display  the  video  signal 
directly  from  the  camera  and  to 
superimpose  the  iosdose  curve  dis¬ 
play  produced  by  the  r-f  signal  from 
the  gate  circuits.  Gain  of  the  moni¬ 
tor  r-f  circuits  is  controlled  from 
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Multiple-Beam  Radiation 


(A) 


I  I 


H-F  FROM 
GATES 


VIDEO  FROM 
DETECTOR 


Tm—r 


COMPOSITE 

VIDEO 


(C) 


FIG.  1 — VUUcoa  pickup  tub*  produce*  a  Tollaq*  which  vari** 
accordlnq  to  radiation  do**  dtotribution  a*  arranged  by  cetitng 
at  each  indiridual  beam  level 


FIG.  2— Compooito  *cr**n  image  projected  from  lantern  elide 
replica*  oi  therapy  beam*  (A)  appear  on  monitor  dieploy  with 
curve*  (B).  Wavelorm  eequenc*  (C)  irom  camera  to  monitor 


the  front  panel  by  a  potentiometer 
connected  to  the  age  line.  Because 
of  delay  in  the  r-f  and  i-f  circuits 
of  the  receiver,  the  video  signal 
must  be  delayer!  by  about  0.25  usec. 

Operation 

A  tracing  of  the  patient’s  body 
contour  at  the  treatment  site  is 
made  on  tracing  paper  or  trans¬ 
parent  plastic'  *  and  placed  over  the 
projection  screen.  Lantern  slide 


replicas  of  the  appropriate  radia¬ 
tion  fields  are  placed  in  projectors. 
A  calibrated  step-wedge  is  placed 
in  an  additional  projector  so  that  its 
projected  image  is  outside  the  body 
cross  .section.  The  reference  voltage 
potentiometers  are  adjusted  to  give 
isodose  curves  at  the  desired  points 
on  the  calibration  wedge,  for  ex¬ 
ample  at  98,  90,  70,  50  and  20  per¬ 
cent  of  the  maximum  dose.  The 
radiation  field  replicas  are  adju.sted, 


by  sliding  on  the  horizontal  stages 
of  the  slide  projectors.  Individual 
brightnesses  is  adjusted  to  give  the 
optimum  arrangement  of  isodose 
curves  in  terms  of  the  tumor  out¬ 
line  and  other  medical  considera¬ 
tions. 

Record 

When  the  optimum  arrangement 
has  been  found  the  monitor  screen 
is  photographed  to  record  the  orien¬ 
tation  of  each  field  and  the  resulting 
dose  distribution.  To  find  the  frac¬ 
tion  of  the  prescribed  maximum 
dose  delivered  in  each  field,  all  pro¬ 
jectors  are  switched  off  except  those 
for  the  field  in  question  and  the  cali¬ 
bration  wedge.  An  isodose  curve  is 
adjusted  to  appear  at  the  maximiim 
dose  rate  in  the  field  being  meas¬ 
ured;  the  point  where  this  isodose 
curve  appears  on  the  calibration 
wedge  gives  the  fractional  dose  in 
terms  of  the  prescribed  maximum. 

The  author  is  grateful  for  the 
support  of  W.  S.  Moos,  and  R.  A. 
Harvey,  of  the  Univ.  of  Ill.  and  for 
the  mechanical  work  of  E.  S. 
Spongberg. 
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Sweep  Equipment  Displays 

\ 

Falloff  in  beta  of  pnp  and  npn  transistors  with  increasing  collector  current  is 
displayed  on  auxiliary  cro  over  0  to  200-ma  range  for  constant  collector  volt¬ 
ages  up  to  8  V.  Instrument  is  also  useful  for  studying  emitter-junction  proper¬ 
ties  to  minimize  beta  falloff;  routine  testing  and  sampling;  and  aging  studies 


By  R.  ZULEEG  and  J.  LINDMAYER,  Sprague  Electric  Company,  North  Adams,  Mass. 


Grounded-emitter  current  am¬ 
plification  factor  p  tends  to 
fall  off  in  transistors  at  increasinsr 
collector  currents  due  to  decreasing 
injection  efficiency  of  the  emitter. 

The  equipment  to  be  described 
displays  the  versus  I,  character¬ 
istic  of  pnp  and  npn  transistors 
with  an  adjustable  sweep  of  the 
collector  current  from  0  to  200  ma 
and  a  beta  range  from  0  to  200. 

System  Operation 

Figure  1  shows  the  basic  system 
and  Fig.  2  the  complete  circuit  dia¬ 
gram.  Collector  voltage  V,  is  kept 
constant  while  the  base  current  is 
composed  of  a  low-frequency  large- 
amplitude  sweep  current  /•  and  a 
10-kc  small-signal  current  8  /».  Ac¬ 
cordingly,  the  collector  current 
consists  of  a  large-signal  sweep 
component  /.  and  a  small-signal  a-c 
component  8  With  8/»  constant 
during  the  sweep,  87,  reflects  di¬ 
rectly  the  variation  of  /8  with  I„  as 

«/.  =>  6h  (1) 

The  sweep  generator  is  a  con¬ 
ventional  10-cps  linear-sawtooth 
oscillator  with  a  cathode  follower 


FIG.  1 — Basic  swssp  syslsm  compon¬ 
ents 


output.  Also  available  is  a  d-c  base- 
current  supply  for  manual  sweep¬ 
ing  that  is  not  shown  in  Fig.  1. 
Both  are  built  above  ground  level 
to  allow  polarity  reversal  for  npn 
or  pnp  operation. 

The  small-signal  base  current  is 
provided  by  a  Wien-bridge  type 
signal  generator,  tunable  from  8  to 
12  kc  with  a  10-v  output,  fed 
through  a  1-megohm  resistance  into 
the  transistor  base.  Collector  cur¬ 
rent  I,  is  measured  across  a  1-ohm 
resistance,  resulting  in  a  0.2-v  sig¬ 
nal  for  a  collector  current  of  200 
ma.  This  voltage  drop  is  displayed 
on  a  d-c  oscilloscope. 

A  d-c  ammeter,  not  shown  in 
Fig.  1,  is  in  the  collector  circuit 
and  provides  for  direct  calibration 
of  the  I,  axis  on  the  oscilloscope 
using  the  variable  d-c  collector-volt¬ 
age  supply.  This  voltage  supply 
must  have  an  internal  impedance 
of  less  than  1  ohm  to  assure  neg¬ 
ligible  voltage  drop  during  the 
sweep  cycle. 

Small-signal  collector  current,  8 
I„  is  fed  into  a  1 :20  step-up  trans¬ 
former  of  0.1-ohm  primary  and  25- 
ohms  secondary  resistance. 

To  eliminate  harmonics  of  the 
sweep  frequency  which  could  inter¬ 
fere  with  the  /8  display,  the  trans¬ 
former  output  is  fed  into  a  high- 
pass  Alter,  of  the  design  and 
characteristics  shown  in  Fig.  3,  be¬ 
fore  entering  the  amplifler  detector, 
A  conventional  stabilized  amplifler 
with  a  gain  of  50  db  provides  an 
output  signal  of  up  to  70  v  for  p 
values  up  to  200. 

A  half-wave  detector-rectifier 


Typical  pattenu  oi  fi  v*rtnu  h  a<  V, 
•qual  to  —2  ▼  ior  olloy-iunctloii  (loit), 
turlaco-borrlor  (conlor)  oad  micTO- 
alloyod  diHiisod  (right)  tronalstora 


Rack-motalod  Mtap  eoataini  swoop 
oqulpmont  and  d<  oociUoocopo 


cuts  off  the  negative  portion  of  the 
amplified  8  I,  signal.  The  resulting 
half  of  the  envelope  of  8  I„  having 
zero  baseline,  is  displayed  on  the 
vertical  axis  of  the  oscilloscope. 
Two  calibrated  signals  can  be  fed 
into  the  input  of  the  8  I,  trans¬ 
former  by  a  pushbutton  switch  to 
permit  calibration  of  the  oscillo¬ 
scope  for  )8  =  10  and  fi  =  50. 

Accuracy 

If  the  transistor  base  input  re¬ 
sistance  is  not  small  compared  to 
the  impedance,  8  /*  may  vary  dur¬ 
ing  the  sweep  and  the  8  I,  oscillo¬ 
scope  display  is  then  not  a  true  dis¬ 
play  of  fi.  In  addition  to  base  input 
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Transistor  Beta 


OSCILLATOR  CATHODE-FOLLOWER  SWEEP  GENERATOR 


resistance  Rt,  R,  and  R,  in  Fig.  1 
must  be  large  compared  to  the  re¬ 
sistance  of  the  8  /»  current  genei  - 
ator  which  is  essentially  Ri. 

The  base  input  resistance  of  the 
transistor  is 

K,  -  r.a  +  r,  (2) 

and  the  emitter  differential  resist¬ 

ance  is 

r.  -  KT/(ql.)  (3) 

where  K  is  Boltzman’s  constant,  T 


FIG.  3 — Hlgh-poaa  iiltar  and  attenua¬ 
tion  at  Vim  equal  to  10  me 


is  absolute  temperature,  I,  is  emit¬ 
ter  current,  r,  is  base  resistance 
and  q  is  electron  charge.  Figure  4 
shows  Rt  as  a  function  of  collector 
current  emitter  current),  as¬ 
suming  rt  equals  200  ohms  and  ^ 
equals  50. 

Referring  to  Figs.  4  and  1,  for 
R,  equal  to  100,000  ohms.  A,  or 
4,700  ohms,  B,  90  percent  of  the 
small-signal  current  from  the  gen¬ 
erator  will  flow  into  the  transistor 
and  10  percent  through  R,.  Thus 
for  higher  collector  currents  than 
t.ho8e  corresponding  to  points  A 
and  B,  the  error  in  /3  will  be  less 
than  10  percent  when  taking  S  /, 
as  a  measure  of  /S,  without  any 
lurther  corrections. 

The  u.se  of  a  small-signal  base- 
current  frequency  of  10  kc  requires 
tnat  the  /8  frequency  cutoff  of  the 
transistor  be  well  above  10  kc.  This 
condition  is  satisfied  fur  transistors 
with  an  alpha-cutoff  frequency  in 
excess  of  1  me  and  of  B  .smaller 


FIG.  4 — Bom  input  r*«istanc«  at  a  func¬ 
tion  oi  coltoctor  current  auuminq  r» 
•quoit  200  ohmt  and  /3  equala  50:  A 
at  Ri  equol  to  100.000  and  B  ot  4.700 
ohmt  corratpond  to  10-p«rc*nt  error 

than  100  as  equals  f„,//3  equals 
10  kc. 

The  sweep  generator  has  to  have 
an  output  voltage  of  at  least  94  v 
to  produce  an  /,  sweep  of  200  ma 
at  a  minimum  d-c  /3  of  10.  The  cir¬ 
cuit  of  Fig.  2  provides  150  v. 

The  assistance  of  C.  Jackson  in 
building  the  power  supplies  and  of 
F.  Stottle  for  the  general  wiring 
of  the  equipment  is  acknowledged. 
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CAP  STUB  OR  METAL  POST! 

1.  WITHDRAW  STUB 

2.  DECREASE  POST  SIZE 

3.  DECREASE  Bg.  C 

4.  INCREASE 

INO-IRIS  OR  METAL  POST! 

1.  INCREASE  IRIS  SIZE 

2.  INCREASE  POST  SIZE 

3.  DECREASE  X^.  L 
4  INCREASE  B^ 

A 

COAXIAL  line: 

1.  DECREASE  Bf,  DIA  OF 

CENTER  CONO  C,  E 

2.  INCREASE  Xj.  Z^ 

- PARALLEL  ELEMENTS 

r  SERIES  ELEMENTS 

I .  INCREASE  X^,  L.C 
2  DECREASE  X^ 


E  =  DIELECTRIC  CONSTANT 


TO  MOVE  A  Z  POINT  IN  DIRECTION  OF  ARROW 
FOLLOW  MATCHING  PROCEDURE  GIVEN 
IN  EACH  QUADRANT  OF  SMITH  CHART 


M} 

//  1, 


\  Va  \  - 


4\f 

i  a7\J  \ 

'  ^ 


CAP  STUB  OR  METAL  POST: 

1.  INSERT  STUB 

2.  INCREASE  POST  SIZE 

3.  INCREASE  Be  C 
4  DECREASE  Xc 

IND-IRIS  OR  METAL  POST: 

1.  DECREASE  IRIS  SIZE 

2.  DECREASE  POST  SIZE 

3.  INCREASE  X^,  L 

4.  DECREASE  B|^ 

COAXIAL  line: 

1.  INCREASE  Be,  DIA  OF 

CENTER  COND  C,  E 

2.  DECREASE  Xf,  Zq 


parallel  ELEMENTS 


SERIES  ELEMENTS 


“I 

,  L.C  I 


1.  DECREASE 

2.  INCREASE  Xc 


Y«GtJBeL  Z'RSJXl.C 


Problems  in  uhf  impedance  matching  are  solved  quickly  using  this  Smith- 
chart  guide  that  shows  how  transmission-line  parameters  change  as  matching- 
element  dimensions  are  varied 

Smith-Chart  Guide 

By  MICHAEL  C.  LA  BELLA,  Airborne  Instruments  lAb.,  Mlneola,  N.  T. 


OUICK  ANSWERS  to  impedance- 
matching  problems,  when 
matching  waveguide  and  coaxial 
components  at  microwave  fre¬ 
quencies,  are  supplied  by  the  ac¬ 
companying  Smith-chart  guide. 

Use  the  upper  half  to  match 
parallel  elements,  the  lower  half 
to  match  series  elements. 

Circles  A,  B  and  C,  tangent  to 
each  other  at  the  top  of  the 
chart,  are  drawn  duplicates  of 
the  existing  family  of  constant- 
resistance  circles  tangent  to  each 
other  at  the  bottom  of  the  Smith 
chart.  A  variable  reactance  in 
parallel  will  move  impedance 
points  along  these  circles. 

Points  maneuvered  about  the 
chart  will  always  be  impedance 
rather  than  admittance  points. 


To  match  an  impedance  point 
to  the  center  of  the  chart  when 
using  parallel  elements,  rotate 
the  impedance  point  by  use  of  a 
line  transformer  to  the  B  circle. 
By  varying  the  parameters  as 
indicated  in  quadrants  I  or  II 
the  impedance  point  can  be 
moved  along  the  B  circle  in  the 
direction  of  the  arrows.  For  in¬ 
stance,  when  using  a  capacitive 
stub  or  metal  post,  reference  to 
quadrant  II  under  that  heading 
shows  that  when  the  stub  is  in¬ 
serted  further  into  the  wave¬ 
guide,  the  increase  of  B,  or  C 
causes  the  impedance  point  to 
move  along  the  B  circle  towards 
the  center. 

For  series  matching,  trans¬ 
form  the  impedance  point  to 


circle  D.  Then,  to  move  the  point 
along  D  in  the  direction  of  the 
arrows,  vary  the  transmission 
line  parameters  as  indicated  in 
quadrants  III  or  IV. 

Example 

An  impedance  p>oint  rotated 
through  a  line  transformer  ai>- 
pears  as  the  normalized  value  of 
0.5  —  ;0.5  (point  1)  on  the  B 
circle.  An  inductive  iris,  used 
for  matching,  moves  this  point 
along  the  circle  to  0.8  —  yo.4 
(ix>int  2).  To  further  move  this 
point  along  B,  towards  the  cen¬ 
ter  of  the  chart,  vary  the  size 
of  the  iris  as  given  in  quadrant 
I  under  heading  IND  iRis  or 
METAL  POST. 
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CINCH  HEAT  DISSIPATING 


TUBE  SHIELDS 


NOW  AVAILABLE 


from  CINCH  — the  complete  line  of 
HEAT  DISSIPATING  TUBE  SHIELDS,  for 
Miniature,  Subminiature,  Octal  and 
Power  Tubes. 


The  7  and  9  pin  Miniature  Series^  T,  TR 
and  NW  Series  are  variously  covered  by 
Military  Specifications: 

MIL-S-9372B  (USAF) 

MIL-S-242A  (Ships) 

MIL-S-19786A  (Navy) 

SCL-6307/2  (Signal  Corps) 

In  the  Octal  and  Power  Series,  the  shields 
are  covered  by  Redstone  Arsenal  and  Sig¬ 
nal  Corps  approval. 

Where  shields  are  required  blackened, 
Henderlube  is  supplied  as  the  Standard 
finish. 


SUBMINIATURE  AND  MINIATURE  SHIELDS 


OCTAL  and  POWER  SHIELDS 


Centrally  located  plants  at 
Chicago,  Illinois,  Shelbyville, 
rliona,  La  Puente,  California 
and  St.  Louis,  Missouri. 


Under  license  arrangement  with 
International  Electronics  Research 
Corporation. 


Cinch  Manufacturing  Corporation 

1026  South  Homan  Ave.,  Chicago  24,  Illinois 
Subsidiary  of  Ursited-Corr  Foslenor  Corporation,  Boston,  Mass. 
CIRCLE  *9  READERS  SERVICE  CARD 


ELECTRONS  AT  WORK 


Maser  Supports  Relativity  Theory 


Experiment  recently  completed 
gives  strong  further  confirmation 
of  Einstein’s  Special  Theory  of 
Relativity.  The  test  was  made  pos¬ 
sible  by  the  maser. 

The  results  were  announced 
jointly  by  IBM’s  Watson  Research 
Lab  and  the  physics  department  of 
Columbia  University. 

Variation  in  frequency  of  radio 
waves  from  a  beam  of  ammonia 
molecules  were  systematically 
measured  over  a  period  of  one  day. 
The  experiment  shows  exactly  what 
changes  in  frequency  may  occur 
when  the  stream  of  molecules  trav¬ 
els  in  the  same  direction  as  the 
earth  in  its  orbit  and  when  it  trav¬ 


els  in  the  opposite  direction. 

Basic  to  Einstean’s  Special  The¬ 
ory  of  Relativity  is  that  velocity  of 
light  is  independent  of  its  frame  of 
reference  or  of  motion  of  light 
source.  There  should  be  no  change 
of  light  velocity,  or  r-f  frequency, 
when  the  molecular  beam  source 
travels  with  the  earth’s  orbital  ve¬ 
locity  or  against  it. 

Early  Experiments 

Previous  experiments,  starting 
with  the  Michelson-Morley  experi¬ 
ment  in  1887,  generally  confirm 
Einstein’s  theory.  However,  these 
experiments  have  an  accuracy  that 
is  considerably  limited  by  the  ex¬ 


perimental  methods  used. 

The  results  can  be  expressed  in 
terms  of  the  earth’s  velocity  with 
respect  to  a  fictitious  ether,  which, 
before  Einstein’s  theory,  was 
thought  to  pervade  the  universe. 
The  present  experiment  using  a 
maser  shows  that  any  velocity  with 
respect  to  such  an  ether  is  50  times 
less  than  the  amount  detectable  by 
previous  experiments. 

The  ma.ster  measures  molecular 
wave  frequencies  to  one  part  in 
10'“.  Accuracy  results  from  maser’s 
ability  to  count  time  intervals  with 
a  precision  much  greater  than  pre¬ 
vious  methods  using  physical  dis¬ 
tance. 


< 


Decade  Counter  Is  Flexible,  Reliable 


ExceI'TIONal  reliability  and  versa¬ 
tility  are  claimed  for  a  transistor¬ 
ized  decade  counter.  The  Packard 
Bell  circuit  was  designed  so  as  to 
leduce  greatly  the  effects  of  en¬ 
vironmental  and  supply-voltage 
changes. 

The  counters  are  capable  of  oper¬ 
ating  with  input  collector  supply 
voltage  varying  from  a  low  of  18 
volts  to  a  high  of  55  volts,  although 
40  to  45  volts  is  suggested  as  an  op¬ 
timum  range.  Maximum  counting 


rate  is  40,000  cps. 

Reliable  operation  is  possible  with 
either  pnp  or  npn  transistors  hav¬ 
ing  d-c  beta  gains  varying  from  6  to 
18.  Only  polarity  reversal  is  re¬ 
quired  in  changing  between  npn  and 
pnp  transistors.  The  circuit  was  op¬ 
erated  using  2N43  and  2N45  pnp 
types  and  903,  2N117,  2N160  and 
2N332  npn  types.  Other  types  may 
also  be  used. 

The  versatility  of  the  circuit  was 
achieved  by  the  application  of  large 


signal  techniques.  The  transistors 
and  diodes  are  switched  from  a 
highly  conducting  state  to  a  non¬ 
conducting  state.  Transistor  gain 
and  supply  voltage  may  therefore  be 
varied  through  a  large  range  with¬ 
out  affecting  performance. 

Bistable  Multivibrator 

The  basic  building  block  in  the 
counter  is  the  bistable  multivibra¬ 
tor,  which  produces  binary  counts. 
Increasing  counts  is  achieved  by 
cascading  binary  units,  as  shown 
in  Fig.  1.  Feedback  provides  the 
desired  output  rate. 

Salient  features  are  the  method 
of  triggering  and  the  u.se  of  diode 
switching.  When  transistor  Q,  is 
conducting,  collector  voltage  is  re¬ 
duced  and  diode  CR,  cannot  con¬ 
duct.  A  negative  trigger  applied 
at  the  cathodes  of  CR,  and  CR,  can 
only  pa.ss  through  CR,.  The  nega¬ 
tive-going  signal  appears  at  the 
base  of  Q„  cutting  it  off  and  switch¬ 
ing  the  circuit  to  its  other  stable 
state  with  Q,  conducting. 

The  diodes  provide  isolation  if 
the  applied  trigger  is  no  larger  than 
the  output  signal  of  the  binary 
counter.  Output  from  one  multivi¬ 
brator  triggers  the  next  multi¬ 
vibrator. 

Diodes  CR,  and  CR.  in  the  feed¬ 
back  circuit  are  cut  off  until  tran- 


Strain  Gages  Monitor  Wing  Stress 


Mor*  than  2.000  (train  gag»M  ax*  m«asuring  (treuM  in  Boning  B-S2G.  In  thia  tMt, 
wings  of  oighl-iet  bombor  ore  deflected  upward*  24  it.  At  end  of  serie*.  wing*  will 
be  deflected  upword  until  they  break 
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outfit 


FIG.  1 — BUlobl*  multlTibratora  arc  cas¬ 
caded  to  ionn  decade  counter  that 
operates  orer  wide  range  ol  operating 
▼oltages  and  temperatures 


New,  fast,  a-c  regulator  cuts 
line  &  load  transients  18  db 


si.stor  Q,  conducts.  When  the  diode.H 
conduct,  the  second  and  third  binar>' 
count  transistors,  Q«  and  Q„  are 
switched  off,  returning  to  their 
original  state. 

After  the  feedback  operation, 
when  the  second  binary  counter  re¬ 
ceives  its  normal  switching  infor¬ 
mation,  the  state  of  the  second, 
third  and  fourth  binary  counter  is 
switched.  This  switching  causes 
both  sides  of  the  diode  switch  to  be¬ 
come  more  positive,  returning  the 
diodes  to  the  nonconducting  state. 


•  Steady-state  line  and  load  regulation  to  tO.SX  •  Transients 
attenuated  at  least  8:1  (18  db)  •  Fast  response— less  than 
1  cycle  (0.02  sec)  for  63%  recovery  •  Less  than  0.35%  distortion 


The  new  Sorensen  Model  FRLD750  fast- 
response,  low-distortion  a-c  regulator  is 
ideal  for  critical  applications  like  null 
testing,  meter  calibration,  and  the  pow¬ 
ering  of  pulse-type  circuits,  such  as 
those  used  in  computers,  where  false 
triggering  is  not  permissible. 

Since  there  is  no  phase  shift  between 
input  and  output,  the  FRLD750  can 
also  be  used  in  multiples  for  the  regu¬ 
lation  of  multi-phase  power.  Line  and 
load  transients  are  reduced  by  at  least 


8:1,  regardless  of  their  magnitude.  Both 
cabinet  and  19"  rack-mounting  models 
available.  Write  for  technical  data  or 
see  your  Sorensen  representative. 

And  don't  forget,  Sorensen  engineers 
will  be  glad  to  discuss  your  special 
power  requirements  with  you.  They  can 
help  you  select  the  proper  a-c  or  d-c 
power  supply,  regulator,  or  frequency- 
changer  from  the  widest  transistorized 
line  on  the  market,  or  assist  you  in  de¬ 
signing  special  power  systems.  e.sa 


Multivibrator 
Operates  Relay 

Br  a  B.  MILLFJt 

Krltinh  Thomson-Houiiton 
Co.,  Rugby,  England 


Operating  a  relay  with  a  low-level 
control  signal  is  a  common  require¬ 
ment  in  electronic  equipment.  A 
sensitive  and  stable  transistor- 
operated  relay  is  described  that  can 
be  operated  by  control  signals  in  the 


Richards  Avenue,  South  Norwalk,  Connecticut 


WIDEST  LINE  OF  CONTROLLED-POWER 
EQUIPMENT  FOR  RESEARCH  AND  INDUSTRY 


IN  EUROPE,  contact  Sorensen-Ardag,  Zurich.  Switzerland.  IN  WESTERN  CANADA,  ARVA. 
IN  EASTERN  CANADA,  Bayly  Engineering.  Ltd.  IN  MEXICO,  Electro  Labs,  S.  A..  Mexico  City. 
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,  for  lab,  production  test, 
l^est  maintenance,  or  as  a 
l^omponent  or  subsystem 
.I  in  your  own  products 


FIG.  1 — Sl«p-hiBctiofi  Toltaq*  or  curront 
oporotM  roloy  by  cauaiag  transistor 
to  saturato 


0.01%  regulation -Why  be  half  safe? 
You  can  get  a-c  line  voltage  regulation 
to  the  exact  degree  of  precision  you 
need  from  Sorensen.  Model  2501 
(left)  regulates  a-c  line  voltage  to 
±0.01%  at  2500  VA.  Other  Sorensen 
a-c  models  range  in  precision  from 
meter  calibrators  to  rugged  "constant 
voltage  transformers,”  designed  to  give 
you  maximum  volt-amps  per  dollar. 


frequency  range  from  50  cps  to  500 
kc,  at  temperatures  up  to  65  C  and 
with  signal-to-noise  ratios  a.s  low 
as  2  to  1. 

When  the  control  signal  is  d-c,  it 
is  generally  applied  as  a  step-func¬ 
tion  voltage  or  current.  The  design 
of  a  workable  circuit  is  compara¬ 
tively  simple. 

Basic  Relay  Circuit 

A  basic  d-c  controlled  transistor- 
operated  circuit  is  shown  in  Fig.  1. 
The  single  transistor  is  normally 
bia.Hed  to  cutoff.  A  suitable  step- 
function  voltage  or  current  is  used 
to  saturate  it,  allowing  a  large  cur¬ 
rent  to  flow  and  operate  the  relay. 

The  circuit  is  simple  and  effective 
but  requires  that  the  step-function 
input  have  a  reasonably  small  ri.se 
time  and  adequate  amplitude  if  dis¬ 
sipation  while  switching  is  to  be 
kept  within  .safe  limits. 

In  the  case  of  a  low-level  a-c  con¬ 
trol  signal  w’ith  a  poor  signal-to- 
noi.se  ratio,  the  design  is  more  diffi¬ 
cult  and  the  circuit  more  complex. 
This  is  particularly  .so  when  tran¬ 
sistors  are  used,  since  provision 
must  be  made  for  stability  against 
temperature  and  transistor  param¬ 
eter  variations. 

The  original  circuit  adapted  for 
an  a-c  signal  is  shown  in  Fig.  2.  The 
signal  is  rectified,  and  the  output 
voltage  or  current  is  amplified  by 


Fully-transistorized  regulated  d-c 

supplies— The  most  complete  line  of 
transistorized  low-voltage  d-c  power 
supplies  on  the  market— like  the  new 
Model  Q6-2  (left)— is  offered  by  Soren¬ 
sen.  Regulation  accuracy  is  ±0.25% 
(line  and  load  combined).  Life  is  ex¬ 
ceptional.  Response  speed  is  extremely 
fast. They  come  with  voltage  adjustable 
over  2:1  range  (Model  Q  Series)  in  6, 
12,  28  vdc  and  capacities  to  200  watts. 
Also  in  0-36,  or  0-75  vdc  continuously 
variable  "Rangers”  (Model  QR  Series) 
of  150- watt  capacity. 


Here’s  a  d-c  workhorse  for 
rack-panel  equipment-New  Sorensen 
Model  MD  supplies  feature  magnetic 
regulation,  semiconductor  rectifiers, 
capacitance-input  filters— and  low  cost. 
What’s  more  you  get  any  factory  preset 


vdc.  Available  in  8  sizes  from  25  to 
3000  watts.  No  switches,  no  fuses 
(short  circuited  output  is  not  recom¬ 
mended,  but  is  not  damaging).  Ideal 
for  powering  your  19"  rack-panel 
equipment. 


Sorensen  has  many  other  ideas  for  packaging  power  to  your  needs,  including 
standard  off-the-shelf  models,  both  electronic  and  transistorized,  to  take  care  of 
almost  every  need  for  controlled  power— whether  ac  or  dc,  low  or  high  voltage,  low 
or  high  current.  Ask  for  the  latest  Sorensen  catalog.  And  let  Sorensen  engineers 
talk  over  with  you  a  complete  power  system  for  your  complex  electronic  equipment. 

8  e 


SORENSEN  &  COMPANY,  INC. 

Richards  Avanua,  South  Norwalk,  Connacticut 


WIDEST  LINE  OF  C O NTR O LLE O- PO W E R 
EQUIPMENT  FOR  RESEARCH  AND  INDUSTRY 


FIG.  2 — Racttiiar  and  d-c  omplUiar  are 
raqulrad  to  oparoto  basic  ralay  circuit 
with  an  a-c  signal 


IN  EUROPE,  contact  Sortnsen-Ardag.  Zurich,  Switzerland.  IN  WESTERN  CANADA,  ARVA. 
IN  EASTERN  CANADA,  Bayly  Engineering,  Ltd.  IN  MEXICO,  Electro  Labs.  S.  A.,  Mexico  City. 
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RECTIFIER 

D-C 

AMP 

-  I 


V. 


produces  complete  systems 
as  well  as  components 


magnetic 

POWER 

amplifier 


THE  AIRPAX  PRODUCTS  COMPANY 
SEMINOLE  DIVISION,  FORT  LAUDERDALE,  FLORIDA 


the  d-c  amplifier  and  used  to  switch 
the  transistor  from  cutoff  to  satura¬ 
tion. 

The  rectified  voltage  has  poor 
rise  time  at  low  frequencies.  Thus, 
the  transistor  will  pass  slowly  from 
cutoff  to  saturation,  giving  rise  to 
high  dissipation  during  the  transi¬ 
tion  period.  If  the  input  level  is  too 
low,  the  transistor  might  be  kept  in 
an  unsaturated  condition,  which 
would  damage  it. 

To  overcome  these  problems,  it  is 
normal  practice  to  operate  the  cir¬ 
cuit  with  an  input  sigrnal  very  much 
greater  than  is  actually  necessary. 
While  this  is  not  in  itself  harmful, 
it  limits  the  circuit  to  applications 
where  a  high  signal-to-noise  ratio 
is  available. 


The  Preac,  a  high  sensi¬ 
tivity  magnetic  amplifier 
accepts  an  error  signal 
and  passes  it  on,  after 
amplification,  to  a  .  .  . 


FIG.  3 — MulUvlbralor-controlW  relay 
la  ioBl-awllchinq.  aenaitWa  and  atabU 


drives  an 


Ideally,  a  relay  circuit  should 
switch  as  rapidly  with  small  signals 
as  with  large  signals  and  should 
only  operate  with  input  signals 
greater  than  a  predetermined  level. 
In  addition,  it  is  desirable  that  the 
relay  release  immediately  when  the 
signal  falls  below  this  level. 

Multivibrator  Relay  Control 

It  is  possible  to  satisfy  these  re¬ 
quirements  to  a  large  extent  by 
using  the  control  signal  to  trigger  a 
multivibrator.  An  emitter-coupled 
monostable  multivibrator  for  use 
with  a  step-function  voltage  is 
shown  in  Fig.  3.  Normally,  Q,  con¬ 
ducts  and  Qt  is  cutoff.  The  base  bias 
of  Q,  is  adjusted  to  ensure  this  con¬ 
dition. 

If  the  base  bias  of  Q,  is  decreased, 
collector  current  is  reduced  and  col¬ 
lector  voltage  rises.  This  rise  ap¬ 
pears  at  the  base  of  Q,.  When  the 
bias  of  Qi  has  been  reduced  suffi¬ 
ciently,  Q,  conducts,  switching  the 
multivibrator. 

This  condition  is  maintained  un¬ 
til  bias  on  Q,  is  restored  to  nor¬ 
mal.  At  this  time,  the  circuit  im- 


Airpax  Power  Amplifier 
having  an  output  de¬ 
signed  to  control  both 
phases  of  a  two  phase 


All  units  are  hermetically  sealed  and  meet  or  exceed  pertinent 
military  specifications  for  temperature,  shock  and  vibration. 


Completely  encased  system 

or  individual  components 
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Ferrac,  a  singl 
push-pull  amplif 
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stage 
'  with 

exceptional  stability  and 

linearity.  The 

Ferrac 

...give  you 
true  clipping 
characteristics ! 


Write  on  your  company  letterhead 
for  circuit  applications  brochure. 
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You  get  true  clipping  action  with  TI  lN1816-series 
double  anode  voltage  regulators.  A  full  line  of  regu¬ 
lators  with  dissipation  ratings  to  10  watts  is  available 
in  5  or  10%  tolerances  over  a  13  to  91-volt  range. 

These  stud-mounted  silicon  voltage  regulators  give  you 
guaranteed  zener  im|)edance,  -65  to  150®C  operation, 
and  are  designed  to  meet  or  exceed  strict  military 
(MIL-T-19500A)  requirements. 

This  new  IN  1816-series  provides  greater  design 
flexibility  for  your  shunt  regulator,  surge  protection, 
o|)erating  bias,  and  arc  suppression  applications.  Select 
from  105  types ...  16  voltage  ratings  ...  5  or  10% 
tolerances  . . .  cathode-to-stud  or  anode-to-stud  polarity. 


1N1I16 

1N1817 

1N1818 

1N1819 

1N1820 

1N1821 

1N1822 

1N1823 

1N1824 

1N182S 

1N1826 

1N1827 

1N1828 

1N1829 

1N1830 

1N1831 

1N1832 

1N1833 

1N1834 

IN1835 

1N1836 


TYPE  1N1833C  163-Voll  Clippartl 


1N1816C— 1N1836C  CLIPPER 

Types  IN1816C  — IN1836C  are 
specifically  designed  to  clip,  and 
exhibit  true  double  anode  character¬ 
istics.  Each  zener  is  held  within  10% 
tolerance  of  the  specified  voltage.  See 
“Typical  Clipper  Characteristics” 
curve  at  left. 


ZENER  VOLTAGE  —  VOLTS 


Texas  Instruments 

INCORPORATED 


WORLD’S  LARGEST  SEMICONDUCTOR  PLANT 
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HOW  UP-TO-DATE  IS 
YOUR  CONCEPT  OF 

RELIABILITY? 

[  I  Why  is  reliability  more  important  today 
than  ever  before? 

□  How  can  a  manufacturer  be  sure  of  getting 
reliability  in  the  silicon  rectifiers  he  buys? 

I  I  What  is  meant  by  “reliability  safety  factor”? 

□  Does  miniaturization  affect  the  reliability 
of  silicon  rectifiers? 

□  Is  there  a  reliable  tantalum  capacitor  priced 
for  industrial  applications? 

□  How  did  one  manufacturer  get  twice  the 
capacity  in  a  solid  tantalum  capacitor  with¬ 
out  increasing  the  case  size? 


mediately  switches  back  to  its 
stable  condition.  Thus,  a  step-func¬ 
tion  voltage  that  reduces  bias  of’Q, 
causes  fa.st  switching  to  Q, ;  or,  if  a 
long  pulse  is  applied,  Q,  operates 
for  the  duration  of  the  pulse. 

Modes  of  Operation 

When  switching  the  multivibra¬ 
tor  with  an  a-c  signal,  the  circuit 
can  have  two  mode.s  of  operation. 
The  first  occurs  when  a-c  applied 
to  Q,  has  a  peak  value  greater  than 
minimum  trigger  voltage.  During 
.some  portion  of  ever>’  half  cycle 
that  decreases  ba.se  current,  the 
circuit  will  be  triggered.  During 
the  half  cycles  that  increase  base 
current,  the  circuit  remains  .stable. 
Transistor  Q,  is  therefore  switched 
on  and  off  once  per  cycle.  Duration 
of  the  on  .state  depends  on  peak 
amplitude  and  frequency. 

When  a-c  applied  to  Q,  has  a  peak 
value  less  than  minimum  trigger 
voltage,  the  second  mode  occurs. 
With  Q,  saturated  or  nearly  .so,  the 
transistor  operates  as  an  integrator 
and  can  generate  a  .staircase  func¬ 
tion  at  its  collector.  This  causes 
collector  voltage  of  Q,  to  be  re¬ 
duced  in  small  .steps  until  Q,  starts 
conducting,  triggering  the  circuit. 
Duration  of  this  state  is  principally 
a  function  of  natural  frequency  of 
the  multivibrator  and  is  largely  un¬ 
related  to  frequency  of  the  applied 
signal.  Waveforms  under  these  con¬ 
ditions  are  shown  in  Fig.  4. 

A  relay  in  the  collector  of  Q, 


The  answers  to  these  questions  will 
be  found  on  the  next  three  pages 
in  the  Fansteel  Advertisements. 


FIG.  4— Nonnally  conducHaq  traaaistor 
acts  CM  intaqrator  wh*n  o^c  peak  input 
la  lass  than  triqqar  I«t«I.  MultiTlbrator 
is  triqqarad  whan  accumulatad  collactor 
Toltaqa  qoaa  balow  triqqar  laval 
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FIG.  S — VoUaq*  l«T*It  for  oponlng  and 
closing  rolay  aro  shown  as  a  hincdon 
of  Irsguoncy 


receives  a  succession  of  current 
pulses  when  an  a-c  signal  is  applied 
to  Q,.  This  causes  the  relay  to  chat¬ 
ter.  In  addition,  high  voltages  that 
can  damage  the  transistor  are  gen¬ 
erated  at  the  collector  because  of 
the  highly  inductive  load. 

Both  chatter  and  voltage  surges 
can  be  eliminated  by  shunting  the 
relay  with  a  diode  or  a  large  capaci¬ 
tor.  The  diode  is  superior  in  that 
the  dissipation  during  the  switch¬ 
ing  period  is  kept  at  a  minimum. 
The  capacitor  is  more  effective  in 
preventing  relay  chatter.  However, 
it  increases  dissipation  of  the  tran¬ 
sistor  during  switching. 

The  2,200-ohm  resistor  between 
collector  of  Q,  and  base  of  Q,  iso¬ 
lates  the  collector  from  large 
changes  in  input  resistance  of  Q,. 
The  input  capacitor  for  Qi  should 
have  negligible  reactance  at  the 
lowest  operating  frequency.  Lowest 
base  bias  resistance  for  Q,  is  chosen 
to  keep  Q,  conducting  and  Q,  cutoff. 

Sensitivity  is  primarily  deter¬ 
mined  by  the  source  resistance  of 
the  control  signal.  For  maximum 
sensitivity,  this  should  be  as  low  as 
10  ohms.  Where  the  operating  level 
must  be  controlled,  a  1,000-ohm  ad¬ 
justable  resistance  in  series  with 


Like  a  chain  with  one  weak  link,  the  malfunction  of  a 
single  comp>onent  in  today’s  complex  electronic  gear 
means  an  aberration  ranging  from  “slight”  to  “cata¬ 
strophic.”  That’s  why,  in  much  of  today’s  equipment, 
particularly  in  military  gear,  component  reliability  takes 
precedence  over  all  other  considerations. 

It  is  towards  this  goal  of  absolute  reliability  that 
Fansteel  Silicon  Rectifiers  are  engineered  and  produced. 
To  achieve  Fansteel’s  “Reliability  .Safety  F'actor”  no 
check,  no  test  and  no  precaution  is  omitted.  If  your 
product  cannot  tolerate  component  failure,  Fansteel 
Silicon  Rectifiers  are  your  logical  choice. 


Th«  n«w  Fanilatl  1N1600  Mriet  Silicon  Rectifiers  are 
cotKiutive  evideiKe  thot  it's  possible  to  gel  sub- 
miniaturizotion  without  affecting  reliability.  Fansleel's 
Writs  for  Bullstin  6.302  unfailing  reliability  has  been  built  inta  this  smallest 
of  silicon  rectifiers  rated  at  750  milliamperes  with  a 
peak  reverse  voltage  range  of  50^600  volts,  and  an 
operating  temperature  range  up  to  165°C. 
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BUT  PRICED  FOR 
INDUSTRIAL  APPLICATIONS 

The  new  Fansteel  Blu-Cap  Tantalum  Capacitor  offers 
significant  economies  in  any  application  where  wider  ca¬ 
pacity  tolerances  are  permissable.  These  savings  are  made 
possible  because  the  tolerance  range  has  been  broad¬ 
ened  to — 1 5%  -|-75% — but  the  increase  in  range  is  only 
on  the  plus  side  and  not  on  the  imp>ortant  minus  side. 

As  with  all  Fansteel  Tantalum  Capacitors,  the  Blu-Cap 
more  than  meets  today’s  demands  for  high  reliability. 

You  can  get  all  the  details  about  today’s  biggest  value 
in  tantalum  capacitors  in  our  new  Bulletin  6. 1 20. 

*  Tradtmork 


CS«I2A 


FANSTEEL  METALLURGICAL  CORPORATION  North  Chicago:  ni..  u's.a' 


the  signal  source  will  allow  a  very 
wide  range  of  adjustment. 

Fig.  6  shows  required  operate 
and  release  voltage  for  frequencies 
to  one  me  with  source  resistance  of 
10  ohms.  Values  do  not  vary  more 
than  5  percent  from  25  to  66  C. 

Thanks  are  due  P.  J.  Billing. 


Matching  Printed 
Circuit  Impedances 

Br  I-  N.  MERSON  Philadelphia,  Pa. 


FIG.  1  —Dimenaioaa  appitod  la  aqua- 
Hont  permit  colculation  oi  Z 

In  connecting  printed  circuits  to 
transmission  lines,  there  may  be 
excessive  reflection  at  the  connec¬ 
tion  unless  printed  conductors  have 
the  .same  characteristics  as  the  line. 
The  following  formulas  have  been 
developed  for  calculating  character- 
i.stic  impedance  of  printed-wiring 
transmission  lines. 

The  characteristic  impedance  of 
any  two-conductor  system  is  op- 
proximately 

z  -  VE/C 

where  L  and  C  are  usually  expressed 
per  unit  length  of  line. 

L  -  0.0234  log,,  +  0.01.52.=>  - 

0.01016  -f-  mA 

per  inch,  where  dimensions  are 
shown  in  Fig.  1  and  values  for  m 
are  given  in  Table  I.  In  some  cases 
m  may  be  negligible,  and  d  -f  h/h 
j  can  be  neglected  if  the  line  is  long 
i  compared  to  d  +  b. 

C  -  0.31  -t  0.23  (1  +  K)  log,, 

per  in.,  where  K  is  the  dielectric 
constant  of  the  base  material. 

Approximate  formula  for  C  was 
derived  from  field  theory  and 
multiplied  by  a  correction  fac- 
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TABLE  I — Parconeters  for  Calcu¬ 
lating  Printed-Circuit  Impedance 


6 

b  +  d 

m 

0 

0 

0.05 

0.0002 

0.10 

0.0008 

0.15 

0.0019 

0.20 

0.0031 

0.25 

0.00.53 

0.30 

0.0076 

0.35 

0.0105 

0.40 

0.01.38 

0.15 

0.0176 

0..50 

0.0220 

0.55 

0.0269 

0.60 

0.0325 

0.65 

0.0388 

0.70 

0.01.58 

0.75 

0.0.536 

0.80 

0.0625 

0  a'. 

0.0725 

0.90 

0.0839 

0.95 

0.0973 

1.00 

0.1137 

tor  of  1.4  to  account  for  fringing 
effects.  Results  agreed  satisfac¬ 
torily  with  experimental  measure¬ 
ments.  Characteristic  impedance 
can  be  lowered  by  increasing  strap 
width,  decreasing  .spacing,  and/or 
increasing  dielectric  constant. 

Suppose  a  long  line  of  2  oz.  cop¬ 
per  foil  (o  =  0.0027  in.)  is  printed 
on  XXXP  bakelite  (K  =  4.3  at  10* 
cps)  with  conductor  widths 


6  —  1/10  in 
C  -  0  .31  X 


10  in.  and  spacing  d  "■  1/16  in. 


l.«„  (1  +  2  +  2  V2) 
1.0134  +  0.23  (5.3)  (0.705) 
nil/  per  inch 


(toS-)  ' 

0.01016  (0.022) 

1.00605  +  0.01525  -  0.00022 
0.0217  /ih  per  inch 

ijr  ro.o2i7~xw^ 

'  \  C"  “  \  ‘  0.95  X  10-“ 
151  ohms 


Suppose  the  width  is  increased  to 
6  =  i  in.  and  the  separation  de¬ 
creased  to  d  =  A  in. 

C  -  0.0268  +  0.023  (^  logio 
(1  -f  8  -I- 2  V4  4-  16) 

-  0.0268  +  0.23  (5.3)  log,,  (17.95)  - 
1.56  per  inch 


L  -  0.023 1  logw  ( 


0.01016  (0.0625) 

-  0.00210  +  0.01525  -  0.000635  - 
0.0167  Alb  per  inch 

1  0  0167  X  10-« 

~  y  1.56  X  10-“  “  ^  ^ 


81 

ow... 

r 

180  mfds 

^  ■ 

IN  A  SMAILE*  CASE  SIZE 

The  New  Fansteel  Solid  Tantalum 
STA  CAPACITORS  GIVE 
DOUBLE  THE  RATING  IN 
THE  SAME  CASE  SIZE 

This  newest  development  in  solid  tantalum  capacitors  is 
available  in  ranges  of  6  to  60  volts  (wvdc)  .  .  .  capacity 
ranges  of  .0047  to  330  mfd  .  .  .  unsurpassed  stabl^v  over 


an  operating  temperature  range  of  — 55°C.  to 
with  extremely  low  leakage. 

The  new  STA  is  another  step  by  Fansteel  to  provide  a 
complete  range  of  solid  tantalum  capacitors  that  have  been 
designed  to  meet  the  ever-increasing  demands  for  greater 
capacity  in  sub-miniature  sizes. 

.And  as  with  all  Fansteel  Products,  unfailing  reliability 
is  assured.  Our  new  Bulletin  6.112  tells  why. 


FAN^TFFWI 


RELIABILITY 
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COMPONENT  DESIGN 


ANOOE 

CONNCCTION 


CATHODE 


CERAMIC 

ENVELOPE 


HEATER  a 
RESERVOIR 
TERMINALS 


MOUNTING 
a  CATHODE 
CONNECTION 


FIG.  I — DcTclopmental  ceramic  hydrogen  thyratron.  type  Z-S069  (leil).  Crose-eectional  view  o<  Z-5069  (center).  Deeelopmentol  Z-SlOl  with 
one  gradient  grid  (right) 


High-Power  Ceramic  Thyratrons 


close  spacings  between  cylindrical 
surfaces  of  the  anode  and  errid  and 
corresponding  ceramic  surfaces. 

Objective  ratings  for  ceramic 
thyratrons  under  development  are 
shown  in  Table  I.  The  Z-5069  is 
designed  for  peak  power  levels 
within  the  range  of  existing  tubes 
but  for  twice  the  average  power. 
The  Z-5101  and  Z-5212  are  two  de¬ 
velopments  for  larger  sizes  in  terms 
of  both  peak  and  average  power. 

The  Z-5101  has  been  operated 
successfully  at  peak  anode  voltages 
to  50  kv  while  .switching  a  peak  out¬ 
put  power  level  of  75  megawatts. 
This  performance  and  that  at 
higher  voltage  levels  is  facilitated 
by  use  of  voltage-dividing  or 
gradient  grids.  Anode  voltage  is 
divided  between  tube  sections 


tom  of  the  ceramic  envelope. 

Becau.se  the  anode  is  external  to 
the  tube  and  is  convection-cooled 
rather  than  radiation  cooled,  the 
lower  end  of  the  reservoir  range  of 
the  tube  is  extended  at  high  aver¬ 
age  power  levels.  It  is  an  order 
of  magnitude  greater  than  in  in¬ 
ternal-anode  tubes.  For  still  greater 
heat  dissipation,  forced-liquid  cool¬ 
ing  can  be  used. 


Most  high-power  radar  equip¬ 
ments  use  hydrogen  thyratrons  as 
switching  tubes  in  line-type  pulsers. 
A  lumped-constant  delay  line  is 
charged  to  a  high  voltage.  It  is 
then  discharged  by  firing  the  thyra¬ 
tron  which,  in  turn,  provides  pulses 
of  power  to  the  r-f  oscillator. 

Tube  requirements  for  such  ra¬ 
dars  are  toward  higher  peak  and 
average  power  levels.  Former  de¬ 
signs  in  hydrogen  thyratrons  do 
not  lend  themselves  to  great  exten¬ 
sion  in  power  levels.  But  in  a  paper 
presented  before  a  recent  AIEE 
meeting,  H.  N.  Price  and  A.  W. 
Coolidge  of  General  Electric  de¬ 
scribed  their  company’s  develop¬ 
ment  of  ceramic  hydrogen  thyra¬ 
trons  with  external  anode  and  grid 
elements  capable  of  handling  the 
required  powers. 


Grid  Cooling 

Grid  cooling  is  provided  by  the 
external  flange  and  its  connection 
to  the  envelope.  Le.ss  heat  is  radi¬ 
ated  to  it  from  the  relatively  cool 
anode.  The  simple  planar  construc¬ 
tion  in  the  anode-grid  area  gives 
improved  high-voltage  operation. 
Ion  formation  is  low  because  of 


Developmental  Tubes 

At  the  left  in  Fig.  1  the  Z-.5069 
developmental  tube  is  illustrated 
and,  immediately  to  its  right,  a 
cross-sectional  view  is  shown.  The 
tube  is  about  five  in.  in  diam  and 
10  in.  tall.  Power  ratings  are  33 
megawatts  peak  and  66  kw  average. 
Both  anode  and  grid  consist  of  cups 
with  extended  flanges  brazed  di¬ 
rectly  to  the  ceramic  cylinders 
which  form  the  envelope  and  pro¬ 
vide  the  insulation  between  ele¬ 
ments.  The  cathode  is  supported 
from  a  header  brazed  into  the  bot- 


Table  I — Objective  Ratings  ior  New  Cercnnic  Hydrogen  Thyratrons 
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Z-.'i069 

Phase  I 
Z-.5101 

Phase  II 
Z^.S212 

Phase  in 

Peak  forward  volt*  (kv) . 

33 

40 

50 

100 

Peak  current  (amps) . . 

2,000 

2,400 

2.000 

2,000 

Average  current  (amps) . . 

4 

2.2 

8 

8 

Average  power  out  (kw)  . . 

66 

44 

200 

400 

Peak  power  out  (kw)  . 

33x10’ 

IflxlO* 

.tOxIO* 

100x10* 

Anode  dissipation  factor 

(Peak  voluge  x  peak  current  x  prr) . 

40x10* 

4.Sxl0* 

400x10* 

800x10* 

COULD 
YOU  DETECT 


REVOLUTION? 


K€ta$  pfcrttiofi 

eompontnU: 

SYNCHII09 

tCftOLVCfft 

^OTCMTlOMCTCfft 

SERVOMOTOttt 

TACHOMCTCKS 

•CtVO  AMFLiriCffS 

QYROMCCHANI8MS 

CaUilo9M€$  ^pailohU. 


Detecting  microscopic  shaft  movement  of  as  little  as  2  minutes 
—well  beyond  the  ability  of  most  standard  synchro  units— 
can  now  be  accomplished  with  new  synchros  designed  and 
produced  by  Ketay,  and  available  for  immediate  delivery. 

Such  increased  accuracy,  three  times  better  than  the  highest 
Mil  Spec  requirements,  is  the  result  of  Ketay  design  and 
production  competence. 

Ketay  has  also  developed  a  complete  line  of  improved  thru-bore 
synchros  to  the  new  Mil  Spec  20708  (supersedes  Mil  Spec  16892). 
These  iniproved  units  are  available  at  no  increase  in  cost  in  a  full 
line  of  control  and  torque  types,  with  frame  sizes  from  08  to  23. 
Thru-bore  construction  and  stainless  steel  housing  make  them 
more  rugged  and  more  reliable  as  well  as  providing  better 
accuracy  and  greater  stability.  Ketay  is  the  only  approved  Bureau 
of  Ordnance  source  currently  manufacturing  and  shipping  all 
these  units. 

Ketay  research  and  development  engineers  are  regularly  working 
on  advanced  new  components  and  prototype  control  system 
problems  for  the  armed  forces  and  leaders  in  the  aircraft  and 
missile  industry.  Let  them  help  solve  your  special  problems  in 
component  performance  and  environment  adaptability. 


•  * 

■'  i 

‘  NORDEN  '  DIVISION 

KETAY  f  DEPARTMENT, 


of  United  Aircraft  Corporation 

Commack,  Long  Island,  N.Y. 
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RBM 


TYPE  MS 


MINIATURE 

SENSITIVE 

RELAY 


Millions  of  Type  MS  relays  now 
in  extensive  use  in  highly  competi¬ 
tive  markets — automotive,  radio, 
and  television.  Proven  ideal  for 
applications  reqviiring  a  sensitive, 
highly  reliable  single  pole  or  com¬ 
mon  multiple  contact  DC  unit. 
Mass  production,  and  RDM’s  ex¬ 
perience  in  assembly  techniques, 
make  Type  MS  your  /oir  ro.st 
solution  for  volume  usage. 


mKM 

ISy 

^  Ba/IT  TO  WITHSTAND  EXTRBME 

environmental  conditions  at  low  cost 


x-bak. 

AVAILABLE  WITH  eNCLOSED  CONTACTS  INSURE  NO  CURREHT-  CO/ L  CONSTRUCTION 

PRINTED  C/RCU/T  CONTACTS  WHERE  MAXIMUM  CARRYINO  MEETS  UNUSUAL 
TERMINALS  DESIRABLE  RELIABILITY  RIVETS  CLIMATIC  CONDITIONS 


Consult  your  local  RBM  Product  Application  Engineer  or  write  for  Bulletin  MS-3 

Cont:,x*ols  IDivisioix 

ESSEX  WIRE  CORPORATION,  LOGANSPORT,  INDIANA 
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CL4A  RACTERISTICS 


MS- 40 

M3-2E 

CO/l  R£Sf STANCE 

TO  /OjOOO  OHMS 

TOIE,OOOOHMS 

CO/L  POWER 

/  WATT 

/S  WATT 

Mf^>00/L  POWER 

\  /lO  WATT 
(sinouepole) 

.02^  WATT 
( single  pole) 

CONTACT  RATINCr 

/ AMP.  ~2SVD.C. 

0R.H5VA.C. 

(non-inductive) 

IAMR-2BVD.C. 

ORUSVA.C. 

(  non-inductive) 

Single 

COMMDN 

POLE 

MARE 

NO 

3NO^/Dr 

NC 

5N0 

DT 

(A)  SOLDER  TYPE -all 
VERSIONS 

(3)  PRINTED  Circuit 

TYPE  (S/NBLE  POLE 
VERSIONS  ONLY) 


CONTACT  FORMS 


TERM/NAL^ 
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of  both  anode  and  grid.  Further 
power-level  increases  most  likely 
will  require  forced-liquid  cooling. 

As  power  levels  are  raised,  hy¬ 
drogen  clean-up  becomes  increas¬ 
ingly  severe.  Use  of  larger  reser¬ 
voirs,  maintenance  of  tube  pressure 
by  a  regulating  means  employing 
a  reservoir  and  a  monitoring  de¬ 
vice  or  possibly  a  solution  of  the 
basic  problem  must  be  found. 

Major  portion  of  the  development 
work  on  the  tubes  was  supported  by 
the  Armed  Services  under  Air 
Force  and  Signal  Corps  contracts. 


formed  by  means  of  external  cir¬ 
cuitry  or  simply  by  the  capacitance 
between  the  elements.  A  Z-5101 
with  one  voltage-dividing  grid 
(two  sections)  as  well  as  the  usual 
control  grid  is  shown  at  the  far 
right  in  Fig.  1. 


Future  Problems 

Anode  dissipation  becomes  a 
problem  as  tube  ratings  increase. 
Sizeable  increases  in  anode  size 
have  doubtful  value  since  this  tech¬ 
nique  probably  will  result  in  de¬ 
creased  utilization  of  the  total  area 


They  can  b#  your  design  assistants 
on  other  Essex  Engineerod  Products. 


Hermetically  Sealed  Mobile  Gear 


PriM  tewrc*  for  plosHc  Mid  r«fcb«r  power 
wpply  cord*.  Torwliiatlooi  of  oS  typo*  (oioidod 
p(o*tk  and  rvbbor)  with  lofMI*  dodgo  po**lb4l- 
Itlo*.  Coiaplol*  lloo  of  Collod  Cord* 
iodvdios  HPN.  __ 

Wrtfo  for  Coil  Cord*  litorafwro 
Cord*  UmMod  Dhrldon.  DoKolb.  Hl.g^Sjf 


seal  is  formed  by  an  inlaid  rubber 
gasket.  Electrical  connections  are 
made  by  watertight  plugs. 

An  interchangeable  cartridge 
containing  a  moisture  absorbent  is 
installed  through  the  front  panel 
with  visual  saturation  indication  at 
the  outside.  These  features  enable 
the  set  to  be  serviced  by  the  user. 
The  cabinet  has  been  designed  with 
integral  fins  to  remove  heat. 


To  IMPROVE  RELIABILITY  and  extend 
usage  to  adverse  conditions,  N.  V. 
Philips’  Telecommunicatie  Indus¬ 
trie  of  the  Netherlands  have  in  pro¬ 
duction  a  line  of  mobile  equipment 
hermetically  enclosed  in  diecast 
silumin  cabinets. 

Precision  diecasting  insures  a 
close  fit  between  the  cabinet  proper 
and  the  front  panel  on  w’hich  the 
chassis  is  mounted.  The  hermetic 


Tlw  bode  relay  e«d  iiwfowi  contact  fern*, 
ratinp*  and  tarminab  variations  or*  ropidor 
predwcHon  it**M...liav*  boon  ''cvstoinariiod''  to 
tolv*  olcMct  ovary  concoivobla  probloio.  Such 
v*r*atWty  porinils  onainaorina  •bort.oits  that 
lewor  yovr  ''bock  door '  cost. 

Writa  for  Suilotin  lOdO  dfJtlVl 

K-S-M  Control  DIv..  lo«ansport,  lnd.M2lM 


Motor  Operates  at  950  F 


New  concepts  in  electrical  insula-  cooling  them  with  forced  air. 

tion  developed  at  Westinghouse  Four  basic  insulation  components 
Electric  Corp.  have  made  possible  of  the  motor  are:  phase  insulation, 

an  electric  motor  that  will  operate  slot  insulation,  wire  insulation  and 

continuously  at  950  F  for  100  potting  and  impregnating  corn- 

hours.  Operation  at  the  high  tern-  pound.  Phase  and  slot  insulation 

perature  for  1,000  hours  has  been  is  fiexible  sheet  material  consist- 

accomplished  by  placing  the  motor  ing  of  glass  cloth  and  large  mica 

bearings  outside  the  oven  in  which  flakes  bonded  with  phosphate.  Wire 

the  rest  of  the  motor  is  placed  and  is  insulated  by  covering  it  with 


for  yovr  iodvstry,  o  cemptofo  lino  of 
Efiomoorod"  oppItoiKo  wiriop  motortol 
— tfiormoploEHCc  rwbbor«  iiooprono  ond  tilkoiio 
food  wiroc  intomol  rofriporotor  wirot* 

powor  ftvpply  cords  ood  Hootor  wbo. 

Wiro  ond  Coblo  DIv.,  Ft.  Woyno,  Ind.  Em  i 
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erlass  fiber  and  then  impresrnatinfir 
it  with  a  suspension  of  powdered 
mica  in  a  phosphate  solution.  After 
winding,  the  motor  is  impregnated 
and  potted  with  a  liquid  slurry  con¬ 
sisting  of  a  phosphate  solution, 
Wollastonite,  silica  and  other  chem¬ 
ically  reactive  materials. 


Dvmoiwtrattoa  sliowa  motor  oporoUaq 
In  hoot  irom  lots  of  bominq  qas  still 
oblo  to  do  usohil  work  such  os  a  qrtaid- 
iaq  lob 


The  potted  motor  is  dried  out  to 
remove  free  moisture  and  then  py- 
rolyzed  above  600  F  to  develop  the 
best  properties.  Silver  wire  was 
used  for  conductors  since  it  resists 
oxidation  at  temperatures  in  excess 
of  1,000  F. 


a  spot  of  welding! 


Still  at  it?  Trying  to  improve  potentiometer  reliability  by  building 
'em  yourself?  Well,  you’re  on  the  right  track  about  one  thing  — 
welding's  a  sure  way  to  eliminate  a  lot  of  operational  headaches 
—  like  gassing  contamination  of  contact  metals  at  high  temperature, 
from  organic  solder  flux.  No  chance  of  "cold  joints”,  either,  to  in¬ 
crease  circuit  resistance.  No  soldered  connections  to  come  loose 
under  vibration  and  shock.  Welding  is  the  way  to  reliability! 

But  why  set  the  wife’s  drapes  afire  to  get  a  reliable,  all-welded  pot? 

Utilizing  welding  techniques,  Ace  produces  reliable  potentiometers 

operable  at  temperatures  exceeding  150°C.  and 

able  to  withstand  50  G’s  at  2000  cycles.  All  this, 

plus  extremely  low  contact  resistance  and  long. 

er  rated  life.  All  taps,  end  connections,  resistance 

elements,  contact  assemblies  and  terminal  leads  aHBKkf 

are  specially  prepared  beforehand  —  then  welded  ^ 

with  pure  nickel  or  palladium  silver.  So,  for 

built-in  reliability  through  sounder  construction 

techniques,  see  your  ACErepI 

This  AlA  Acepol^  (shown  V2-scale)  incorporates  all  these  ex¬ 
clusive  welding  construction  features,  for  superior  reliahdity. 


Monolithic-Structure 
Ceramic  Capacitors 

Two  GROUPS  of  monolithic  ceramic 
capacitors  have  been  developed  by 
Sprague  Electric  Co.,  North  Adams, 
Mass.  One  group  uses  high-dielec¬ 
tric-constant  material  for  bypass 
and  coupling  applications.  The 
other  utilizes  low-dielectric-con- 
stant  material  for  resonant  circuits 
and  other  applications  requiring 
high  stability.  Both  types  were  de¬ 
scribed  in  a  WESCON  paper  by 
J.  H.  Fabricius  and  A-  G.  Olsen. 
The  monolithic  structure  results  in 
a  capacitance  gain  of  between  25 
and  40  for  a  given  volume  com¬ 
pared  to  conventional  construction 
techniques. 

Basic  Construction 

Basic  construction  for  both  ca¬ 
pacitors  is  shown  in  Fig.  1.  For 


ELECTRONICS  ASSOCIATES,  INC. 

99  Dover  Sfroot,  Somorvillo  44,  AAom. 
SOiMrwl  4-5130  TMX  SMVl  101  Wed.  U«l«e  WUX 


Acctrlnr* 
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ductoncs  and  tkin  affoct  in  circuits  involving 
puitos  ond  stoop  wovo  fronts.  Ooponding  on 
siio  ond  rosistonco  voluo<  ttvoso  rotislort  oro 
wtobio  at  froquonciot  to  ovor  400  me.  tosist- 
onco  voluof  rongo  from  20  ohms  to  100  mog- 
oHms  with  toloronco  of  20%  to  5%.  2  *ypos 
ovoiloblo. 

TYPE  F  rosistors  (shown)  in  10  siios  from 
9/16'*  long  s  0.10^'  diomotor  to  6^/7"  tong  h 
9/16"  diomotor,  with  lugs  or  wiro  lo<^. 
Powor  rotings  Va  to  10  wotts. 


ondod  units  dosignod  for  oosy  rapid  mounting 
on  printod  circuit  ponols  with  no  support  othor 
then  tho  wiro  lo^s.  Mony  r»owly  dovolopod 
tochniquos  oro  omployod  in  tho  monufocturo 
of  Typo  P  Rosistors.  Thoso  units  con  bo  opor* 
otod  in  ambiont  tomporoturos  up  to  125*C. 
ond  will  withstood  oil  opplicoblo  tosts  of  MIL- 
R*93B.  Avoiloblo  in  7  sisos,  rotod  from  1/10 
wott  to  .4  wott.  Ui"  diomotor  by  5/16"  long 
to  diomotor  by  long.  Rosistonco 

voluos  to  2  nrtogohms.  Toloroncos  from  1% 
to  0.05%. 


Encapsulated  Precision 
Wire  Wound  Resistors 


High  Voltage  Resistors 

Typ«  B  Rasitlort  or*  ttabi*  compact  until  fee 
UM  up  to  40  KV.  Th«M  roiiilon  oro  uiod  tor 
VT  voltmotor  multipliori,  high  roiiilanco  volt- 
ago  dividori,  bloodort,  high  rnittonca  iton- 
dordt  and  in  rodiotion  oguipmor^  Thoy  can 
bo  furnithod  in  roiiitoncc  to  100,000  mogohmt. 
Avoiloblo  Of  toppod  rciitlori  ortd  molchod 
pain.  Sizes  rang*  from  o  ’/t  watt  rosiitor  ^ 
inch  long  x  </4  inch  diometer  rotod  at  2500 
volts,  to  a  10  watt  rosistor  A'j^  inchos  long 
X  9/16  inch  diomotor  rotod  at  40  KV,  Low 
tomporaluro  and  veHogo  coofftcionts.  Standard 
rosistonco  toloronco  15%.  Toloroncos  ot  10%, 
5%  and  3%  avoiloblo.  Toloronco  ot  2% 
avoiloblo  in  motchod  pairs. 


RPC  Typo  L  Encopsulotad  Rosistors  will  with¬ 
stand  tomporaluro  and  humidity  cycling,  salt 
wotor  immonion  and  oxtromos  of  oltituM,  hu¬ 
midity,  corrosion  and  shock  without  oloctiical 
or  mochonicol  dotoriorotion.  Typo  I  rosiston 
oro  available  in  many  sizes  ond  stylos  tang¬ 
ing  from  sub-minioturo  to  standard  with  lug 
terminals,  oxial  or  radial  wiro  loads.  Avail¬ 
able  for  operation  at  105'  C.  or  125*  C.  om- 
biont  tomporoturos.  Thoso  rosistors  will  moot 
all  opplicoblo  roquiromonts  of  MII-R-93B, 
and  Arndt.  MIL-R-9444.  Typo  I  can  bo  fur¬ 
nished  with  all  rosistonco  olloys  and  resist¬ 
ance  tolerances  from  1%  to  .02%. 


RPC  resistors  are  noted  for  quality,  performance  and  de¬ 
livery  as  per  schedule.  Of  necessity,  this  requires  high  skills 
in  engineering  and  modern  production  facilities.  In  addi¬ 
tion,  RPC's  test  equipment  and  standards  for  calibrating 
and  checking  are  on  a  par  with  the  nation's  outstanding 
laboratories.  As  a  result,  RPC  is  a  steady  supplier  to 
many  industrial  companies,  government  agencies  and  the 
armed  forces. 

For  additional  information  cqncerning  RPC  resistors,  write 
for  free  catalog. 

All  RPC  RESISTORS  ARE  THERMALLY  AGED  &  STABILIZED 


INTERN^ 

ELECTRODE 

FIG.  1 — Boatc  coutructioii  lot  aaw 
monoUlhic  caromlc  copoclton 
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the  hifrh-dielectric-conHtant  unit, 
BaTiU,  waa  used.  In  the  original 
version  shown  in  Fig.  1,  five  active 
dielectrics  each  0.0025-in.  thick  oc¬ 
cupy  a  volume  of  0.620  by  0.355  by 
0.018  in.  Total  capacitance  is  0.4  ^f. 
The  dotted  line  in  Fig.  1  encloses 
the  area  which  is  show'n  in  the 
photomicrograph  of  Fig.  2. 


High  Stabilrty  Units 

In  low-temperature-coefficient  ca¬ 
pacitors  the  same  basic  electrode 
structure  shown  in  Fig.  1  is  used. 
A  formulation  of  zero-temperature- 
coefficient  (NPO  material  suitable 
for  spraying  was  developed.  This 
basic  material  has  been  accepted 
b.v  the  electronics  industry  for  some 
time  as  inherently  the  most  stable 
material  for  capacitors  in  large  but 
practical  geometries.  Use  of  the 
specially  developed  spray  version 
made  possible  the  desired  size  re¬ 
duction  in  the  new  monolithic  con¬ 
struction. 

As  a  result  of  the  developmental 
program,  capacitors  with  ratios  of 
capacitance  to  volume  as  high  as 
0.58  fif/in.*  for  high-stability  di¬ 
electric  material  or  85  Tor 

high-dielectric-constant  material 
have  been  manufactured  success¬ 
fully. 


FIG.  2 — PhotomlcTogToph  oi  BgctloB  m- 
cloggd  by  doMgd  Um  in  Fig.  1 
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Printed  Circuit 
Precision  Resistors 


To  moot  tho  roquiromonts  for  printod  circuitry, 
RFC  Kos  dovolopod  Typo  P  Encopsulotod  Wiro 

WasimH  O^oieRrsre  einrtU 


High  Fr«qu«ncy  RDsistors 

Usod  whoro  roquiromonts  coll  for  vory  low 


•  ire  rwiRTurs  v**UT  snown;,  in  u  wxvs  up 

to  19V2"  long.  Powor  ratings  10  to  100  watts. 


i 


the  record  tells  you  more 


DESIGNED  SPECIFICALLY  FOR 
YOUR  TYPE  OF  WORK 


MODEL  270  CHART  VIEWER 

Ptrmih  convenient,  verieble  speed  editinf  end  study  of 
Senborn  cherts  end  other  types  up  to  16*  wide,  200  ft.  lon(. 
Sinile  control  for  direction,  peper  speeds(IS*to  lOO'/min). 
Trensperent  cursor  slides  liA  or  riftiL  edjusts  for  eccurete 
elifnmeni  with  coordinetes. 


Feetures  of  the  “ISO  series'* 
direct  writers  include'  fre¬ 
quency  response  to  100  cps; 
hneeri^  \%  overeN,  ink- 
less  recordmi  in  true 
rectenfulir  coordinetes  by 
heeted  stylus  on  plestK 
coeted  Permepeper  cherts; 
current  InedbKk  driver 
emphfier  end  requleted 
power  su  iply  lor  esch  Chen- 
net.  Recorder  hes  9  chert 
speeds,  0.2Sto  lOOmm/sec; 
individuel  stylus  heel  con¬ 
trols,  time-code  merker  Up 
lo  6-chenntls  cen  be  housed 
in  one  verticei  cebinet. 
Amplihers.  recorder  elso 
eveileble  ui  individuel  por- 
teble  ceses.  _ 


I-CHANNELS,  RltSM  FRONT  RECORDER, 
FREOUENCY  RESPONSE  TO  120  CPS 
380  SERIES 


New  "3S0”  series  direct  writers 
with  compect  plu|-in  preemps 
In  modulM  of  up  to  4;  individuel 
power  supplies;  current  feed- 
beck  trensistorued  power  em- 
pkhers.  limiter  circuit  eheed  of 
power  emphfiers,  velocity  feed- 
beck  (elvenometer  dempini; 
enclosed  lelvenometers  Lin- 
eerity  0.2  div  over  entire  SO 
divisions.  Recorder  power  era- 
pkfier-power  supply  peckefe 
hes  0.1  voM/div  sen^ivity,  cen 
be  used  seperetely;  pushbutton 
controls  lor  9  chert  speeds  0.2S 
to  100  mm/scc;  individuel 
stylus  heet  controls;  contects 
for  remote  control ,  inkless  rec- 
tenfuler  cooidinete  recordin| 
on  Permepeper  cherts. 


I-.  I  CHANNELS 


880  SERIES 

Compect  "ISO"  series  direct  writers 
use  7*  high  plu|-in  preemplihen  in 
modules  of  up  to  eight  end  “350" 
flush  front  recorder  pKkege  with 
trensistorized  power  emphfiers, 
power  supply,  feetures  veloaty  feed- 
beck  gelvenocneler  dumping,  hneer- 
ity  0.2  div.  over  entire  SO  divisions; 
9  chert  speeds  from  0.2S  to  100 
mm/sec  controlled  by  electric  push¬ 
buttons;  inkless  recordings  on  Per¬ 
mepeper  cherts.  Aveileble  preemps 
Include  Servo  Monitor  (dem^uletor) 
end  DC  Coupling.  Cerner.  Chopper 
Stebilued  end  Low  Level  types  ere 
in  development 


ULF-CONTARICO  UNIT  PREAMPUFERS 
TO  DRIVE  ‘SCOPES, 

OPTICAL  OSCRIOCRAPHS. 

TAPE  RECORDERS.  ETC. 


“ISO  series'*  6-,  8-chennel  consoles  in  46VS*  high  mobile  cebinet.  Duel- 
Chennel  Ampkhers  heve  selecteble  sensitivity  from  0.01  to  10  volts/div.; 
internet  celibretion  2  volts  w \%  ireq.  response  flet  to  20  cps.  Optienel 
Progremmer  sequences  system  operetion  in  20  steps,  including  recorder 
turn-on,  cehbretion,  computer  DC  level  reeding,  recording  for  pre-set 
Irme,  turn-off  end  reset. 


Porteble  "350”  series  include 
Corner,  DC  Coupling  Servo  Monitor 
(demo^letor),  True  Diflerentiel 
DC  types,  others  in  development 
Mount  in  porteble  "450"  ceses  or 
in  four-unit  modules  in  19*  freme. 
Use  individuel  power  supplies. 

One  “450"  cese  end  power  supply 
cen  serve  eny  "SSO"  Preemp. 


ft  cwmplete  4mlm,  call  yaur  local  Sonborn  Ensinoering 
Rtpresenlalivt  or  write  the  Industrial  Oivisien  in  Wahhoau 


Model  lSO-300/700  Wide  Bend  Amplifier  end  Power  Supply  K- 
cepts  “ISO”  series  preemplihers  —  for  use  with  low  power  gel- 
venometers.  oscilloscopes,  penel  meter.  Freq.  renge  DCto  10.000 
cps  (but  limited  by  perticuler  preemp  renge).  Penel  meter  hes 
center  zero  scele,  2S  divisions  oKh  side  of  center. 


SANBORN  COMPANY 

Industrial  Division 

17S  Wyman  Street,  Waltham  54,  Maste 
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PRODUCTION  TECHNIQUES 


Machine  Composes  Schematics 


Engineer  akatch**  circuit  dioqroni  on  rulod  ionn  which  is  usod  by  Folosottor  mochino 
oporator  to  compos*  schomotlc 


Mechanical-photographic  proc¬ 
ess  for  preparing  circuit  diagrams 
provides  an  alternative  to  manual 
drafting.  The  master  prints  can  be 
reproduced  on  letterhead-sized  pa¬ 
per  for  filing  and  binding,  or  can 
be  enlarged  or  reduced  to  any  prac¬ 
tical  size. 

The  process  was  developed  by  In¬ 
tertype  Co.,  Brooklyn,  N.  Y.,  a 
division  of  Harris-Intertype  Corp., 
and  General  Electric  Co.,  Industry 
Control  Dept.,  Roanoke,  Va.  It  was 
initially  developed  for  preparation 
of  electrical  diagrams.  The  process, 
however,  is  being  expanded  to  cover 
other  types  of  diagrams,  including 
electronic  as  shown  in  Fig.  1. 

Basic  equipment  is  a  Fotosetter 
photographic  line  composing  ma¬ 
chine.  GE  is  now  using  it  full  time 
in  the  Roanoke  plant  and  states 
that  the  diagrams  produced  are 
more  legible,  easier  to  handle  and 
less  costly  than  those  produced  by 
previous  methods. 

The  engineer  prepares  a  circuit 
sketch  on  a  special  form.  The  form 


Firal  film  poaiti**  contain*  circuit  *701- 
bols  ond  wiring  diaqrom 


Flq.  1 — Portion  of  sampl*  •loctronic 
circuit  diagram  **1  by  machin* 


has  lines  spaced  horizontally  and 
vertically  in  a  1  inch  grid  pattern. 
The  engineer  uses  the  grid  to  locate 
symbols,  nomenclature  and  other 
information.  The  lines  are  num¬ 
bered  for  ready  reference. 

The  Fotosetter  operator  sets  the 
diagram  using  the  grid  as  a  refer¬ 
ence.  He  types  out  the  diagram  on 


Diagram  film  in  copy  hold*r.  Polnt*r 
quid**  ••tting  of  film 


Poaitiv**  and  ma*t*r  form  ar*  poaitionod 
on  makaup  grid.  Wax  hold*  th*m 


the  machine’s  keyboard,  row  by 
row.  (Another  electronic  firm  is 
considering  an  alternative  refer¬ 
ence  method.  The  engineer  makes 
his  sketch  on  unlined  paper.  The 
machine  operator  places  this  under 
a  clear  plastic  overlay  containing 
the  grid  pattern  and  makes  any 
minor  position  adjustments  re¬ 
quired,  as  he  sets  the  type.) 

The  machine  has  circulating  mat¬ 
rices  containing  film  negatives  of 
symbols  and  characters.  Common 
symbols  are  contained  in  inter¬ 
changeable  magazines.  Rarely-used 
symbols  are  hand  inserted. 

How  ft  Works 

The  operator  first  sets  up  the 
circuit  with  component  symbols 
and  wiring  lines.  A  film  positive  is 
developed  in  a  darkroom.  This  posi¬ 
tive  is  placed  in  a  position  indicator 
in  the  machine  and  guides  the  op¬ 
erator  in  setting  a  .second  film  con¬ 
taining  nomenclature  and  other 
information. 

The  film  positives  are  overlaid 
with  a  prepared  film  form  contain¬ 
ing  title  blocks.  The  backs  of  the 
positives  are  waxed  so  they  will  ad¬ 
here  under  pre.ssure  and  form  a 
composite.  The  composite  film  is 
contact  printed  to  make  the  final 
transparency.  The  transparency 
can  then  be  used  to  produce  prints 
photographically.  Copies  of  the 
prints  can  be  run  off  by  diazo  or 
other  methods. 

Copy  is  set  8.5  inches  wide  on 
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For  efficient  medium-power  rectification  on  land,  at  sea  and  in  the  air 


Westinghouse  types  304,  303,  and  302 
rectifiers  offer  a  range  of  current  and 
voltage  ratings  which  are  ideal  for  effi* 
cient  medium-power  rectification. 

All  three  types  are  immediately  avail¬ 
able  from  stock— and  at  an  attractive 
price!  They  are  characterized  by  long 
life,  high  efficiency,  low  relation,  low 
cost,  and  operation  at  high  ambient 
temperatures  (up  to  190°C  junction  tem¬ 
perature).  They  meet  or  exceed  require¬ 
ments  of  all  applicable  military  tests. 
And  they  are  available  in  a  variety  of 
rectifier  assemblies. 

Listed  below  are  some  suggested  appli¬ 
cations. 

•  DC  power  supplies  for  ground  and 
airborne 


•  *6-12-24-48  volt  AC-DC  generator 
systems 

•  Battery  chargers 

•  Small  plating  supplies  for  laboratory 
use 

•  Power  supplies  for  business  machines 

•  Computer  power  supplies 

•  Transistor  power  supplies 

•  Telephone  exchange  DC  power 
supplies 

•  Power  supplies  for  marine  smallcraft 

•  Electronic  tube  filament  supplies 

For  further  design  data,  contact  your 
Westinghouse  representative  or  write  to 
Westinghouse  Electric  Corporation, 
Semiconductor  Department,  Young- 
wood,  Pennsylvania. 


C0MIN6  SOON-HIGH  SKED  6EIIMANIVM 
DTNISTOR  SWITCH 

featuring  low  stand-by  currents,  low  in¬ 
ternal  power  loss,  and  switching  time  in 
the  milli-microsecond  range.  Watch  for 
announcement  of  availability. 


tttlCOM  POWCII  RCCTIFICRg  •  GtRMANIUM  TRANSItTORt  •  tIUCON  POWU  TMNtlSTOM 

YOU  CAN  Bl  S(J£E...IF  it's  Westinghouse 
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..for  Complete  Reliability  Under 
Severe  Environmental  Conditions 


Procau  prodncM  prints  on  lottsr-siso 
papor.  V4  siso  oi  nonnal  dlaqram 


■film  or  photographic  paper.  Film 
po.sitives  can  be  changed,  to  cor¬ 
rect  errors  or  to  accommodate  en¬ 
gineering  change.s,  by  cutting  out 
unwanted  portions  of  a  positive  and 
inserting  new  lines.  According  to 
GE,  draftsmen  quickly  learn  how  to 
operate  the  machine. 


Wire  Wound,  Precision,  Miniature,  Ruggedized 


RSE-2A  DERATING  CURVE 


JUST  ASK  US 

The  DAIX)HM  line  includes  precision  re¬ 
sistors  (wire  wound  and  deposited  car¬ 
bon);  trimmer  potentiometers;  resistor 
networks;  collet  fitting  knobs  and  hys¬ 
teresis  motors  designed  specifically  for 
advanced  electronic  circuitry. 

If  none  of  the  DAI.OHM  standard  line 
meets  your  needs,  our  engineering  depart¬ 
ment  is  ready  to  help  solve  your  problem 
in  the  realm  of  development,  engineering, 
design  and  production. 

Just  outline  your  specific  situation. 


A  precision  wire  wound  power  re¬ 
sistor  enca|>sulated  in  sh<H-k  alrsorb- 
ing  material;  then  encased  and  sealed 
in  a  metal  tulie  to  overcome  de¬ 
manding  environmental  conditions, 
yet  maintains  miniature  size. 

This  ruggedized  resistor  will  surpass 
the  most  severe  mechanical  shock 
and  vibration  re<|uirements. 

•  Rated  at  2,  3,  5,  7  and  10  watts 

•  Resistance  range  from  .5  ohms  to  17SK 
ohms,  depending  on  size  and  type 

•  Toleronces;  :1;0.05%,  ±0.1%,  ±0.25%, 
±0.5%,  ±1%  and  ±3%. 

TEMPERATURE  COEFFICIENT:  Within  ±. 
0.00002  Deg.  C. 

COMPLETE  PROTECTION:  100%  imper¬ 
vious  to  moisture  ond  salt  sproy. 

WELDED  CONSTRUCTION:  Complete 

welded  construction  from  terminal  to  ter¬ 
minal. 

RUGGED  HOUSING;  Sealed  and  inserted 
in  metol  tubing. 

SMALLEST  IN  SIZE:  .2  20  x  II  16"  to 

.395"  X  1-61/64", 

MILITARY  SPECIFICATIONS:  Surpasses 

MII-R-26C 


Write  (or  Bulletin  R-25 


Instrument  Dollies 
for  Close  Quarters 

By  RONALD  L.  IVES 
Palo  Alto.  Calif. 


Outlet  oad  qround  poeta  ore  provided 
ot  front  of  dolly 


Standard  instrument  dollies  are 
usually  too  bulky  for  the  back 
access  alleys  in  rack  bays  of  com¬ 
munication  and  radar  stations  or 
other  tight  locations.  When  time 
does  not  permit  ordering  custom- 
made  dollies,  slim  carts  may  be 
made  by  “shrinking”  small  wheeled 
carts  which  stores  sell  as  typewriter 
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stands  or  hostess  carts. 

The  dolly  shown  was  made  from  a 
typewriter  stand  with  tube  steel 
legs,  .stamped  sheet  iron  top  and 
.skirting  and  casters  on  the  feet. 
It  is  light  in  *weight,  but  held  a  600 
pound  static  load  without  damage. 
The  caster  pins  sheared  at  700 
pounds. 


D'SCAhO., 


'"''/'i 


tXSCAOD-U  I 


BRACES 

OPTIONAL 


JCUT 
SEAM  WELO 


i 


CUT 


a 


TIE  ROD 
AND  TUBING 


VIASHER  ^TUBING 


ca^nut  \ 


THREADED  ROO 


END  OF  TUBING 
FITTED  TO  CURVE 
OF  DOLLY  LEG 


Method  oi  trimmlnq  carl  to  elxo  and 
braclnq 


First  step  is  cutting  down  the 
width  of  the  chart  if  it  is  too  wide. 
The  flanged  edges  do  not  permit 
side-trimming,  so  a  strip  is  sawed 
from  the  centers  of  the  top,  skirt 
and  legs.  The  two  halves  are  re¬ 
aligned  and  rejoined  by  welding. 
The  weld  is  ground  smooth  and  pits 
are  fllled  with  solder.  This  work 
can  be  done  by  an  auto  body  shop. 

The  cart  is  made  rigid  by  spot¬ 
welding  or  bolting  cross  braces 
under  the  top  plate  and  tie  rods 
into  hole.s  drilled  in  the  legs.  The 
rods,  of  i  inch  steel  are  bolted  be¬ 
tween  the  legs  to  keep  them  from 
spreading.  Aluminum  tubing,  cen¬ 
tered  around  the  rods  by  corks  and 
cut  to  fit  the  curvature  of  the  legs, 
keep  the  legs  apart. 

A  flanged  steel  tray  can  be  hung 


HEAT  RISE  BARRIER  IS  LOWERED  TO  ONLY 
20°-38°C.,  DEPENDING  ON  H.P.  RATING 

Sub-Fractional  low  Noise  No  Vibration  Synchronous 


The  new  UALOHM  Hy.ster- 
e.sis  motor  provides  all  the 
desirable  characteristics  of 
such  motors,  yet  doesn’t 
have  the  usual  heat  rise 
handicaps.  Small  and  light¬ 
weight,  its  new  pancake  con¬ 
figuration  is  space  saving. 

•  Low  noise 

•  Maintains  synchronous  speed  at 
rated  load 


Ideally  suited  for  facsimile 
machines,  Hi-Fi  turntables, 
tape  recorders,  tele-metering 
and  many  other  types  of 
equipment  where  constant 
synchronous  speed  is 
essential. 

JUST  ASK  US 

Thv  DAI.OHM  line  includes  precision  re¬ 
sistors  I  wire  wound  and  deposited  car¬ 
bon  i;  trimmer  potentiometers,  resistor 
networks;  collet  fitting  knobs  and  hys¬ 
teresis  motors  designed  specifically  for 
advanced  electronic  circuitry. 


•  No  vibration  or  magnetic  strays 

•  Reaches  full  RPM  in  1  revalution 

•  Exceptionally  law  cost 

•  Operates  on  any  frequency  up 
to  1  20  c.p.s.,  giving  an  infinite 
selection  of  speeds  up  to  3600 
RPM 

RUNNING  TORQUE:  2.8  inch/ 
oz.  to  28  inch/  oz. 

VOLTAGE:  11 5  V.,  60  c.p.s. 

SPEED:  1 800  RPM 


If  none  of  the  DAI.OHM  standard  line 
meets  your  needs,  our  engineenng  depart¬ 
ment  Ls  ready  to  help  solve  your  problem 
in  the  realm  of  development,  engineering, 
design  and  production. 

Jast  outline  your  specific  situation. 


Write  for  Bulletin  R-80 
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ilJ.KflfrTlBl 


iEn^BEal 


AppMeatto^ 


ACTUAL 

SIZE 


Interstag* 


SINCte  WOEO 
CL*SS  a  STAStS 


300  MW  GROUP;  x  1  x  wt.  1.2  oz. 


Output 

Output 

Output 

Output 

Output 

Output 

Output 

Interstage 

Input _ 


Complete  details  about  these  new  units  ore  available  in  STANCOR  Bulletin  546,  ! 
available  from  your  distributor  or  by  writing  direct  to  Chicago  Standard.  ! 


aowen  output  (milliwatts) 


AOWfA  OUTPUT  (MILLIWATTS) 


CHICAGO  STANDARD  TRANSFORMER  CORPORATION 

3502  ADOItON  HREH  •  CHICAGO  U,  IlllNOIS 
export  Sohi:  Robw.  AgwiciM,  he,  431  GrMnwith  St.,  N.w  York  13  N.Y. 


from  the  tubing  to  carry  tools, 
cable  and  other  equipment.  It 
should  be  removable  for  cleaning. 
Means  must  be  provided  for  keep¬ 
ing  the  instrument  in  place.  The 
rubber  feet  of  the  oscilloscoiie 
shown  were  replaced  with  heavy, 
rectangular  typewriter  feet  which 
fit  into  angles  placed  at  the  corners 
of  the  dolly’s  top. 

Electrical  Connections 

Because  of  the  chronic  shortage 
of  electrical  connections,  several 
a-c  outlets  and  ground  connections 
were  provided  on  the  dolly.  At  the 
rear,  an  a-c  input,  consi.Hting  of  a 
sunken  male  plug,  is  installed  in  a 
utility  box  with  2  fuses,  one  in  each 
side  of  the  line.  Above  it  is  a  dual 
outlet  and  at  the  bottom  of  the  in¬ 
put  panel  are  two  grounded  binding 
posts. 

A  combination  switch  and  outlet 
is  mounted  on  the  front  skirt.  Be¬ 
cause  the  dolly  circuits  are  con- 
nectetl  to  the  line  through  a  cord, 
which  may  not  pre.serve  system 
polarity,  both  sides  of  the  line  are 
fu.sed  and  switched.  When  the 
switch  is  “off”,  all  outlets  are 
electrically  dead.  Two  grounded 
binding  po.sts  are  mounted  on  the 
front  skirt,  on  each  side  of  the  a-c 
plate.  Electrical  boxes  and  thin- 
wall  conduit  is  u.sed  for  strength 
and  .safety. 

The  dolly  is  finished  with  auto 


See  your 
CHICAGO 
STANDARD 
distributor 
for  your 
widest  choice 
of  STOCK 
transformers 


CIRCLE  S9  READERS  SERVICE  CARD 


December  5,  1958  —  ELECTRONICS  engineering  issue 


Tote  troy  la  hung  from  lag  brocoa 


Fool  of  ioalrumani  III  In  angloa.  Raar 
alactricol  inlot  and  outlota  can  be  aoon 
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LEADING  MAKES- 
LATEST  TYPES 
IN  STOCKI 


Crystal  Can  Relay 

Hermetically  sealed,  fast  and  sensitive.  With¬ 
stands  extreme  temperatures,  shock  and 
vibrations.  Plug-in,  solder-hook  and  3-in 
lead  type  ovoilable.  AAeets  military 
specification  MIL-R-25018,  MIL-R- 
5707C  except  as  to  contact  < 

overloads  ~ 


We  maintain  complete  dietributor 
stocks  of  the  following  makes: 

Advance  Relays  Phillips  Controls 
Automatic  Electric  Struthers*Dunn 
Clare  Leach  Relays 

Neomite<Elgin  Terado  and  Others 

Potter  &  Brumfield 


AUTOMATIC  ELECTRIC 
Type  45  Stepper 
Wide  Selection 


We  Anticipate  Your  Relay  Needs 

Relay  Sales  cannot  get  better  delivery  from 
manufacturers  than  you.  Relays  now  in 
stock  were  ordered  as  long  as  10  months 
ago  and  selected  by  men  who  have  special¬ 
ized  in  supplying  relays  to  the  industry  for 
many  years.  The  items  illustrated  are 
typical  of  hundreds  of  thousands  in  stock. 
They  are  available  in  all  popular  coil  ratings 
and  contact  arrangements.  Why  wait  for 
relays?  Call  us  today  I 


STRUTHERS  OUNN 
Keying  Relay 
Many  Types  In  Stock 


PHILLIPS  CONTROL 
9QA  Midget  for  Sub  Chatkls 
Mounting.  Many  Others 
in  Stock 


Write  or  Phone  for  Same  Day  Shipment 
Phone:  West  Chicago  1100 
TWX  West  Chicago  3464 


P.O.  BOX  186-A  TWX  West  Chicago,  III  ,  3464-u 


(Actual  Size) 
NE0MITE-EL6IN 

Sub  Miniature  Hermetically  Sealed 
Relay.  All  Advance  Types  in  Stock. 


I 


Coaxial 
RF  Switchos 
Coaxial 
RF  Fillort  ’ 


spray  paint,  after  degreasing. 
Infrared  dried  crackle  finish  and 
linoleum,  formica  or  masonite  can 
be  cemented  on  the  top.  All  have 
given  excellent  held  service  al¬ 
though  masonite  is  susceptible  to 
mould  in  the  tropics. 


Bubble  Gum  Bubbles 
Find  Leaky  Joints 


Magnetic  Pencil  Lifts 
Small  Magnetic  Parts 


Magnetic  pickup  tool  has  tip  which 
can  be  instantaneously  magnetized 
or  demagnetized  by  a  spring-loaded 
plunger.  Depressing  the  plunger 
with  the  finger  brings  a  permanent 
magnet  in  contact  with  the  tip, 
magnetizing  it.  It  can  assemble  or 
sort  miniature  and  delicate  ferro¬ 
magnetic  parts  according  to  Orbit 
Industries,  Resada,  Calif. 


In  addition  to  experience  and  established  leadership. 

Bird  has  the  physical  facilities  to  produce  and 
dependably  deliver  coaxial  line  instruments  and  accessories 
meeting  your  highly  exacting  requirements. 


Since  1942  the  Bird  Electronic  Corporation  has 
met  the  challenge  of  a  constantly  growing  electronic 
industry.  Today,  enlarged  engineering  facilities 
demonstrate  our  intention  to  maintain  leadership  in; 
our  field.  A  wide  range  of  coaxial  line  instruments 
and  accessories  are  being  designed  to  meet  a 
variety  of  specifications;  and  new  applications 
are  continuously  being  sought. 


T•rmahn€**  - 
50  ohm 
cooxial  line 
Lood  Resistor 


Throlirse 
Directional 
RF  Wattmeter 


Termaliise  , 

RF  Absorption 
Wottme.ter 


a  need  filled 


Chewed  penny  bubble  gum  is  a 
good  leak  detector.  Douglas  Air¬ 
craft  Co.,  Santa  Monica,  Calif,  uses 
it  to  find  leaks  in  joints  in  the  pneu¬ 
matic  lines  in  Nike  missiles.  The 
high  pressures  required  make  it 
nece.s8ary  to  test  the  lines  in  cham¬ 
bers  from  which  employees  are 
barred.  Soap  bubbles,  sniff  tests 
and  other  methods  can’t  be  used  be- 
cau.se  the  evidence  of  leaks  doesn’t 
remain  after  the  line  pressure  falls. 
The  gum  bubbles,  or  burst  bubble 
residue,  keep  the  leak  pinpointed. 


ELECTRONIC  CORP. 

EXprMs  1-3535 

1800  E.  38  St.,  Cl«v«land  14,  Ohio 

Wtffarn  Rapr»fiitoWv; 

VAN  OROSS  COMPANY  •  WMdlami  Hilk.  CoWwiila 
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KESTERSOIDER 

COMPANY  •  A204-  WRIOHTWOOO  AVENUE  •  CHICAGO  39.  ILLINOIS 
NEWARK  5,  NEW  JERSEY  •  BRANTFORD.  CANADA 
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FOR  MORE  THAN  HALF  A  CENTURY, 
one  of  the  "contfontt"  of  the  over-expanding 
electronics  industry  has  been  Kester  Solder. 
Equipment  and  components  originally  sol¬ 
dered  with  Kester  continue  to  give  exiollent 
service;  regardless  of  their  age.  the  soldered 
joints  stay  in  perfect  condition  for  the  life  of 
the  unit.  That's  why  Kester  Flux-Core  Solder 
has  the  greatest  acceptance  in  the  industry 
.  .  .  why  you  should  always  insist  on  Kester. 

WRITE  TODAY  for  the  Kester  78  page  text¬ 
book  “Solder  .  .  .Its  Fundamentals  and 
Usage.”  Free! 


f 


Variable  Oscillator 

high  repeatability 

Bulova  Watch  Co.,  40-06  62nd 
St.,  Woodside  77,  N.  Y.,  an¬ 
nounces  variable  frequency  crystal 
controlled  oscillators  in  small  size. 
The  VCF  series  features  automatic 
frequency  control  or  variation  of 
nominal  frequency  by  the  applica¬ 


Tachometer 

transistorized 

The  Airpax  Products  Co.,  City 
of  Plantation,  Ft.  Lauderdale,  Ha. 
The  completely  transistorized  Tach- 
Pak,  requiring  no  warmup  time.' is 
designed  to  convert  a  signal  fre¬ 
quency  from  a  magnetic  transducer 


to  a  d<'  cimcnt  projxntional  to 
frequency  and  rpm.  llic  proximity 
pickup  is  not  attached  to  any 
mo\ing  system  component.  For 
control,  monitoring  and  measuring 
applications,  all  units  in  this  series 
5400  have  a  linearity  of  0.25  per¬ 
cent  in  ranges  from  0  to  60,000 
rpm.  Circle  302  on  Reader  Service 
Card. 


blc  of  providing  an  output  of  ap¬ 
proximately  9  w  per  sq  ft  of  active 
cell  area  in  bright  sunlight,  'flic 
high  efficiency  and  rugged  construc¬ 
tion  is  due  in  part  to  new'  alloy¬ 
ing  techniques  which  picnnancntly 
bond  the  contact  to  the  silicon 
wafer,  making  the  contact  an  in¬ 
tegral  part  of  the  cell  itself,  while 
still  allowing  soldering  of  individual 
cells.  Circle  300  on  Reader  Service 
Card. 


tion  of  an  external  voltage.  Fre- 
qucnc)’  range  is  from  10  kc  to  20 
me,  with  obtainable  variations  up 
to  6  cps  at  10  kc,  and  up  to  12  kc 
at  20  me.  The  resolution  on  these 
shifts  is  infinite  depending  on  the 
stability  and  resolution  of  the 
modulating  voltage.  Drift,  after 
stabilizaton,  can  be  kept  to  less 
than  1  part  in  1  million.  Circle 
301  on  Reader  Service  Card. 


I-F  Transformers 

subminiaturized 

Wells  Electronics  Co.,  1707  S. 
Main  St.,  South  Bend  23,  Ind., 
announces  the  Weecoil  500  line 
of  subminiature  i-f  transformers  for 
transistorized  circuits.  It  consists 


of  a  single-tuned  i-f,  a  double- 
tuned  i-f,  a  diode  filter  i-f,  a  7-pin 
i-f  for  use  with  drift  transistors, 
and  an  oscillator  coil— all  on  bases 
that  arc  approximately  i  in.  square. 
Q’s  up  to  165  can  be  obtained 
with  regular  components,  and  up 
to  200  if  the  transformers  arc  un¬ 
shielded.  Although  primarily  de- 


December  5,  7958  —  ELECTRONICS  engineering  issue 


Silicon  Solar  Cells 


ruggedized 


International  Rectifier  Corp., 
1521  E.  Grand  Ave.,  El  Segundo, 
Calif.,  announces  Silicon  Solar  cells 
capable  of  converting  10  pxTcent 
and  higher  of  the  radiant  cnergs' 
falling  on  their  surface.  T’hcy  are 
available  for  both  commercial  and 
military  applications,  and  are  capia- 


Coaxial  Tuners 

double  slug  type 

Microlab,  71  Okner  Parkway,  Liv¬ 
ingston,  N.  J.  A  new  group  of  co¬ 
axial  double  slug  tuners  have  been 
designed  covering  the  frequency 


range  from  300-5,000  me.  The  scpi- 
aration  of  the  two  slugs  mounted 
in  a  50-ohm  transmission  line  may 
be  adjusted  and  locked  as  desired. 
The  tuners  arc  available  for  stand¬ 
ing  wave  ratios  less  than  2:1  and 
less  than  10:1.  Circle  303  on 
Reader  Service  Card. 


Comell-Dubilier  Certified  Hi^h-Reliability  Capacitors 

meet  performance  expectations  for  new  environments  and  new  complex  mili¬ 
tary  and  industrial  electronic  equipment.  These  capacitors  meet  or  surpass 
the  exacting  requirements  of  MIL-C-14167A  and  MIL-C-26244(USAF). 
Each  production  lot  is  furnished  with  certified  test  data  covering  the  strin¬ 
gent  test  program  detailed  in  the  specification. 

When  designing  electronic  equipment  where  failure  can’t  be  tolerated  spec¬ 
ify  Comell-Dubilier  High-Reliability  Capacitors.  Write  on  your  company 
letterhead  for  High-Reliability  Bulletins  188A-1  and  188A-2  to  Dept.  000, 
Comell-Dubilier  Electric  Corporation,  South  Plainfield,  New  Jersey. 


MILITARY  a  INDUSTRIAL 
“TWK"  SERIES 
in  accordance  with 
MIL.C-26244(USAF) 

2M,  S«0.  444.  440  ralU  DC  Waridni 


VnlniuUud  Body  TjrpeTWKN 
(riaiiralcM  to  M11.-CPT48) 


Inialaled  B«dy  Type  TWKP 
laoulvalcnl  to  MIL-rPV09) 


CAPACITANCS: 

441  mtd.  to  1.4  add. 
TEMPERATURE  RANGE; 
— S5*c  to  -t-in’c. 


onsistently  |  J  ependable 

ORNELL-t5UBILIER 
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Tl&e  only  watt 
multiple  miniature 
variable  resistor’*’ 

that  gives  you  these  5  exclusive  and  important  advantages 

1.  LOWER  COST:  These  compact  units  with  superior  elec¬ 
trical  characteristics  actually  cost  less  than  larger 
units  of  equivalent  rating  now  on  the  market. 

2.  REDUCED  SIZE:  1  to  4  variable  resistors  on  a  single 
steatite  base  plate.  The  4-resistor  unit  measures  oiUy 
2M*  *  K**  Units  with  fewer  resistors  are  propotion- 
ately  smaller. 

3.  VERSATILITY:  Available  with  horizontal  or  vertical 
mounting  brackets,  plug-in  terminals  for  printed  cir¬ 
cuit  boards  or  wire  leads  for  metal  chassis. 

4.  SUPERIOR  KNOB  CONSTRUCTION:  Unusual  knob  design 
permits  adjustment  with  an  internal  or  external  hex¬ 
agon  wrench,  screwdriver  or  by  fingertip. 

5.  FLEXIBILITY:  Fixed  resistors  and  capacitors  can  be  in¬ 
corporated  in  the  Model  5  to  make  a  complete 
operating  circuit. 

SPEOFICATIONS: 

Resistance  Range:  1000  ohms  to  5  megohms,  *35%, 
linear  taper 

Wattage  Rating:  H,  watt  at  70°  C.  ambient 
Breakdown  Voltage:  1250  Volts  RMS,  between  adjacent 
sections  and  to  bracket 
Minimum  End  Resistance:  Leas  than  1% 

Rotational  Life:  5%  change  after  250  rotations 
Initial  Torque:  2  inch  ounces  average;  50%  change  after 
250  rotations 

Write  for  Centralab  Bulletin  EP-539  giving  full  spe* 
cifications  on  the  Model  5  Radiohm®  series. 


A  DIVISION  OF  CLOSE-UNION,  INC. 
9I4M  E.  KEEFE  ATE.  •  MIIHASKEE  I,  VIS. 

Is  CsasAs;  M4  Ml.  fIssiiN  K1  •  Tsrsals,  OMiris 


VARIABLE  RESISTORS  •  PACKAGED  BJCTROMC  aRCUITS  •  ELECTRONIC  SWITCHES 
CERAMIC  CAPACITORS  •  ENGINEERED  CERAMICS  •  SEMI-CONDUCTOR  PRODUCTS 


signed  for  the  radio  industry,  W'ce- 
coil  transfonners  arc  available  for 
a  range  of  industrial  and  military' 
applieations  from  100  kc  to  abo\e 
10.7  me.  Circle  304  on  Reader 
Sers'ice  Card. 


Tubular  Capacitors 

glass-encased 

Sprague  F.i.ectric  Co.,  33  Mar¬ 
shall  St.,  North  Adams,  Mass.  A 
new  series  of  glass<'ncascd  tubular 
capacitors  for  b-v  applications  em¬ 
ploy  a  dual-dielectric  and  polyester 
plastic-film  and  paper.  Tvpe  20 3 P 
features  a  new  design  of  glass-to- 
metal  end  seal  which,  coupled 
with  new  protective  sealing  tech¬ 
niques,  results  in  the  practical 
elimination  of  impregnant  leaks 
which  have  so  often  been  the  case 
with  earlier  designs  of  glass  tubular 
cap;icitors.  A  complete  description 
is  given  in  engineering  bulletin 
2312,  available  on  letterhead  re¬ 
quest. 


Transponder  Tester 

weighs  only  59  lb 

Kearkott  Co.,  14844  Oxnard  St., 
Van  Nuys,  Calif.,  announces  a  new 
Arc  L-band  transponder  test  set. 
It  |X‘rforms  all  the  testing  features 
required  to  check  out  L-band  air- 
lK)rne  transponders  manufactured 
to  .\RINC  characteristics  332B  and 
ANDB  (AMB)  2.3  NAIB.  Impor¬ 
tant  among  its  features  arc  a  double 
pulse  generator  (with  provision  for 
third  pulse);  strip-transmission  line 
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r 

W' 


Telephone 

Fleetwood 

41040 


Foremost  .^f.iniifM-ttircr  ot  Pilot  Litht 


Simplify  Circuitry 
using  I  I  . 


Electronic  Counting  T ubes 
( up  to  20y000  counts/sec.) 


TypirmI  Drive  Circuit 

As  a  user  of  DEKATRON  cold  cathode  glow-transfer 
counting  tubes,  you  are  welcome  to  use  this  and  many  other 
drive  circuits  designed  by  us.  Circuits  are  patented  (or  ap¬ 
plied  for )  but  are  available  to  DEKATRON  customers  on  a 
royalty-free  basis. 

Write  to  us  for  complete  information. 


CIRCLI  vs  RiADfRS  SERVICf  CARD 


For  the  Computer-Automation  Industries 

DATAUTES  by  DIALCO  are  ultra-miniature  Indicator  Lights 
specially  designed  to  meet  the  critical  requirements  of 
the  computer-automation  fields.  Made  in  2  basic  styles: 

Lamp  Holder*  with  dialco’s  own  replaceeble  Lamp  Cmrtridte* 
(see  above);  or  integrated  DATAUTES  with  Built-in  Neon 
Lamp*  which  are  not  replaceable  (see  below).  Ultra-compact, 
single  units  mount  in  clearance  hole;  the  twin-lamp 

assembly  mounts  in  y*'  clearance  hole. 

#  LAMPS  USED: 

T-1S4  wire-lead 

Incandescent  lamps,  Ir-pHi 

or  NE-2E  neon  lamps,  Jl  |  ■  I. 

in  aluminum  sleeves 

f  l\  capped  with  plastic  With  ImnifflnnI 
lenses  (7  colors).  Rotitable 


SWITCH 


lU.  sinal^Rww, 


Cense^fively  rat^  1/2 


DATAUTES 

with 

•uilt-ln  NE-2E 
Neon  lamps 


mataly  fi 


No. 

249-7S40-1431 


nI  bsriton  of 
iiielic.  (MIL-M- 


NO.  24J.7M1-V31  »  pj- 

built-in  resistor  ■  No. 

250-7841-1431 

No.  250-7840-1431  bullt-ln  resistor 

DATAUTES  have  fully  insulated  terminals  and  conform  to 
all  applicable  military  specifications.  Integrated  units 
are  available  with  or  without  built-in  reaittor*.  The 
cylindrical  lenses  can  be  hot-stamped  with  digits,  letters, 
etc.  Complete  details  in  Brochure  L-160.  Send  for  it  now. 

SAMPLES  ON  REQUEST^AT  ONCE  — NO  CHARGE 


S23  NiHgreve  Aveeee,  La  Orange,  lINneis 


58  STEWART  AVE.,  BROOKLYN  37,  N.  Y.  •  HYacinth  7-7600 
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ST«N|i*>0 

CAfACnro*' 


«  U(GlltW  HIIL  rUIUClTION 


N(W  rOIK  36.  N  y 


330  WIST  42n<JSI. 


directional  couplers;  signal  genera¬ 
tor;  calibrated  strip-transmission 
line  directional  couplers;  calibrated 
strip-transmission  line  attenuators; 
power  monitor;  pulse  spacing  net¬ 
work;  adaptability  to  ramp  test  sets. 
Circle  305  on  Reader  Service  Card. 


electronics 

READER 

SERVICE 

CARDS 


Pressure  Elements 


capsular  devices 

The  Bristol  Co.,  Waterbury, 
Conn.,  has  deseloped  a  wide  selec¬ 
tion  of  capsular  pressure  elements 
S  in.  o-d.  'Phis  has  proved  a  desir¬ 
able  size  for  applications  in  which 
miniaturization  is  an  important 
factor.  'Fhe  elements  arc  asailablc 
for  either  internally  or  externally 
applied  pressures,  in  ranges  from 
15-350  psi.  Excellent  linearih'  and 
\ery  low  hysteresis  are  characteris¬ 
tic.  Circle  306  on  Reader  Service 
Card. 


have  increased  the  flow 
of  product  and  service 
information  between 
buyers  and  sellers. 


have  helped  increase 
manufacturers"  sales. 


Reader  Service  Cards  have  been  pro¬ 
vided  to  get  quick  and  easy  information 
on  products. 


Avail  yourself  of  this  Service  to  get  all 
the  information  you  need. 


Manufacturers  are  cooperating  whole 
heartedly  with  the  Service  to  supply  in' 
formation  promptly. 


Standard  Capacitors 
values  to  0.1  ^f 


Arco  Electronics  Inc.,  64  White 
St..  New  York  13,  N.  Y.  ARCO 
standard  capiacitors  are  stabilized 
silvered  mica  dielectric  units  in 
values  up  to  0.1  /if.  The  capaci¬ 
tance  values  above  0.1  /xf  arc  fabri¬ 
cated  using  a  combination  of 
silvered  mica  and  polystyrene  dielec¬ 
trics.  The  latter  design  improves  the 
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PANORAMIC’S 

advanced  new 


insulation  resistance  and  dissipation 
factor  exhibited  by  mica,  and  in 
addition  enables  maintenance  of 
miniaturized  enclosure.  Circle  307 
on  Reader  Service  Card. 


Ribbon  Cable 


in  widths  up  to  3  in. 

IliTEMP  WinES,  Inc.,  1200  Shames 
Drive,  VVestbury,  N.  Y.,  announces 
a  new,  impros’cd  ribbon  cable  called 
Tempbraid.  Manufactured  in 
widths  of  from  J  to  3  in.,  parallel 
Teflon  lead  wires  arc  wosen  with 
Teflon  and  other  yarns  into  a  flat, 
extremely  flexible  ribbon.  By  im¬ 
pregnating  the  yarns,  slitting  the 
ribbon  is  feasible,  permitting  the 
construction  of  small  inexpensive 
harnesses.  Increased  numbers  of 
conductors  can  be  placed  in  square 
or  rectangular  channels,  due  to  the 
greatly  improsed  space  factor  of 
square  and  rectangular  harness 
construction.  Circle  308  on  Rcarlcr 
Service  Card. 


•  Batter  Mnsitivity  than  with 
typical  multi-tuning  head 
spectrum  analyzers 

•  Resolution  continuously  va¬ 
riable  from  1  kc  to  80  kc 
for  analysis  of  wide  and 
narrow  pulsed  RF  signals 

•  70  MC  wide  sweep  width 
continuously  adjustable 
down  to  0  me 

•  Careful  shielding  to  ovoid 
interference 

•  Calibrated  power,  voltage 
and  log  amplitude  scales 

•  Constructed  to  MIL  specifi¬ 
cations 


A  n«w  and  wakom*  addition  to  Panoramic's 
long  lina  of  widoly  CKCoptod  and  compiotaly 
dapondobk  Spoctrum  Anolytars,  tho  SPA-4  cov- 
•rs  froguoncias  from  10  me  to  44,000  me  in  on# 
low-cost  compact  unit  that  proviilos  bottor 
sonsitivity  than  found  in  typical  multi-tuning 
hood  spoctrum  onolyzors. 


Sociiod  by  Ponoromk's  forward  thinking,  lottg 
oitd  spocioliiod  oaporiotKo  in  tho  dovolopmont 
of  spoctrum  orsolytors,  tho  SPA-4  ombodios  tho 
human  onginooring  orsd  stoblo,  diroct  reading 
displays  that  focilitoto  rapid  and  rolioblo  on- 
olysos  of  moosuromont  probloms. 


Tho  SPA-4't  many  unigsro  footuros,  tromorsOous 
Oonibility  and  single  operation  moke  it  un- 
surpossod  for  analysis  of  fM,  AM  and  pulsed 
systems,  instabilities  of  oKillotors,  noise  spectra, 
detection  of  porosities,  studies  of  harmonic  out¬ 
puts,  radar  systems  and  ether  sigrtol  sources. 


Pottoramic  instruments  are  Proved 
Performers  in  laboratories,  plants 
and  military  installations.  Find 

out  how  a  Panoramic 
instrument  con  help 

you.  Sertd  for  our  new 
Be  catalog 

IP  1  S!  " 


Write,  wire,  phone  NOW  for 
dmtailtd  ipecificofion 
bulletin. 


^  -  our 

regular  moil, 
irtg  list  for 
The  P  a  n  o  • 
ramie  Ana¬ 
lyser  featur¬ 
ing  applica¬ 
tion  data. 


Ferrite  Isolator 


high-power,  L-band 

Raytheon  Mfg.  Co.,  Waltham  54, 
Mass.  Model  1LH2  high-p>ower 
L-band  microwave  ferrite  isolator 
is  constructed  of  half-height  wavc- 


530  South  Fulton  Avenue,  Mount  Vernon,  N.Y.  *  Phone:  OWens  9-4600 

Cobles:  Fonoromic,  Mount  Vernon,  N.  Y.  State 
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guide  to  reduce  size  and  weight. 
It  is  6  in.  high,  8  11/16  in.  wide. 
17  in.  long,  and  weighs  34  lb. 
Built-in  transitions  to  full-height 
guide  proside  match  over  the  en¬ 
tire  hand  so  as  to  combine  high 
performance  with  high  power  capa¬ 
city.  Minimum  transmit/rcccivc 
isolation  is  11  db;  maximum  inser¬ 
tion  loss  is  0.55  db.  Average  jjower 
handling  capacity  is  2i  kw,  peak 
power  is  3  megawatts.  Circks  309 
on  Reader  Service  Card. 


IT 

ALL 

ADDS 

UP! 


A  modern  laboratory 
doing  vital  work  in  the 
field  of  nuclear  energy. 

A  location  in  the  spec¬ 
tacular  setting  of  northern 
New  Mexico’s  green  pine- 
covered  mountains. 

A  bright,  clean  commu¬ 
nity  of  13,000  people, 
with  up-to-date  shops, 
uncrowded  schools,  cool 
summers  and  brilliantly 
sunny  winters. 

Whether  you  use  an  ori¬ 
ental  abacus  or  the  latest 
electronic  computer,  Los 
Alamos  offers  a  remark¬ 
able  total  of  attractive 
features.  The  Laboratory 
has  a  limited  number  of 
openings  for  highly  qual- 
ified  people  in  the 
physical  sciences  and 
engineering. 


Test  Set 

for  igniter  circuits 

Ali  ecany  Instrument  Co.,  Inc., 
1091  Wills  Mountain,  Cumlx;r- 
bnd,  Md.  Model  101-5AK  is  a 
rugged  igniter  circuit  tester.  With 
only  0.005  ampere  output,  it  mea¬ 
sures  igniter  circuit  resistance  to 
an  accuracy  of  :t  0.05  ohm  or  bet¬ 
ter,  allowing  the  user  to  isolate  a 
fault,  which  a  less  accurate  instru¬ 
ment  cannot  do.  It  is  used  pri¬ 
marily  in  held  testing  of  solid  fuel 
rockets.  It  is  also  valuable  in  static 
test  facilities  as  well  as  in  igniter 
production.  Circle  310  on  Reader 
Service  Card. 


I  ;  Write  Personnel  Dircaor, 

\  I  Division  58-23 

los#}alanios 

scientific  laboratory 

I  I  or  THt  UMIVIMITT  Of  CAltPOtNIA  V 

f  \  tot  ALAMOS,  MW  MfXICO 


Ceramic  Capacitor 
subminiature 

Telecomputing  Corp.,  91 5  North 
Citrus  Ave.,  Los  Angeles  38,  Calif., 
announces  a  new  subminiature 
ceramic  capacitor  with  high  reli¬ 
ability  over  a  broad  temperature 
range.  It  is  designed  for  highest 
capacity  per  unit  area,  for  applica- 
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the  BEST  BUYS  are  TTTTO.^ 

for  COLOR  &  Monochrome  TV  servicing 


com 

and  Monochrome 
dc  to  5  me  lab  &  tv 
5"  OSCILLOSCOPE 

:4«0 

*129“ 
Kit  *79” 


f  VTm  SWEEP 
GENERATOR 
&  MARKER  rasa 

:r;'*ii9” 
M  *69** 


THE  STANDARD  ELECTRIC  TIME  COMPANY 

89  LOGAN  STREET  •  SPRINGFIELD,  MASSACHUSETTS 


OYHAMie  eomCTAHCE 


Tube  & 
Transistor 
Tester 
^666 

s;r*ii 


See  the  50  EICO  t 

T2Z2i  ..ur....! 

JJ-OO  northern  BouleearO.  1. 1- C. 


moftu^oefur^d  br 


Here’s  ittformation  you’ll  want 


tinner 


Accurate,  reliable,  versatile  Elapsed 
Time  hdicators.  Synchronous 
motor  drive,  manual  or  electric 
zero  reset.  Electric  clutch  controlled 
by  manual  or  outomatic  switch 
or  output  of  electronic  tubes. 
Units  available  for  flush  ponel 
ntounting  or  portable  use. 


•  Features  DC  Amplifiers! 

Flat  from  DC-4.5  me,  usable  to  10  me. 
VERT.  AMPL.:  sens.  25  rms  mv/in;  input  Z3 
megs;  direet-eoupled  &  push-pull  thnuRt; 
K-follower  eoupling  bet.  stages;  4-step 
freq-compensated  attenuator  up  to  1000;  1. 
SWEEP;  perfeetty  linear  10  eps-100  ke  (ext. 
eap.  (or  range  to  1  cps);  pre-set  TV  V  A  H 
pesitiens  (30  A  7875  eps);  auto.  sync.  ampl. 
A  lim.  PIVS:  direct  or  cap.  coupling;  bal. 
or  unbal.  inputs;  edge-lit  engraved  lucite 
graph  screen;  dimmer;  filter;  bezel  fits  std 
photo  equipt.  High  intensity  trace  CRT. 
0.06  usee  rise  time.  Push-pull  hor.  ampl., 
flat  to  4(X)  kc,  sens.  0.6  rms  mv/ln.  Built- 
In  volt,  calib.  Z-axis  mod.  Sawtooth  A  60 
cps  outputs.  Astig.  control.  RetrKe  blank¬ 
ing.  Phasing  control. 


6000  sec. 


±.0002 


I/IOOO  secTT 


Entirely  electrenie  sweep  circuit  (no 
mechanical  devices)  with  accurately-biased 
ineredneter  for  excellent  linearity. 
Extremely  flat  RF  output;  new  A6C  circuit 
automatically  adjusts  osc.  for  max  output 
on  each  band  with  min.  ampl.  variations. 
Exceptional  tuning  accuracy;  edge-lit  hair¬ 
lines,  6:1  vernier.  Swept  Osc.  Range  3-216 
me  in  5  fund,  bands.  Variable  Marker  Range 
2-75  me  in  3  fund,  hands;  60-225  me  on 
harmonic  band.  4.5  me  Xtal  Marker  Osc., 
xtal  supplied.  Ext.  Marker  provision.  Sweep 
Width  0-3  me  loerest  max.  deviation  to  0-30 
me  highest  max.  dev.  2-way  blanking.  Nar¬ 
row  range  phasing.  Attenuators;  Marker 
S-ze,  RF  Fine,  RF  Coarse  (4-step  decade). 
Cables:  output,  'scope  horiz.,  'scope 
vertical. 


COMPLETE  with  steel  cover  and  handle. 

SPEED,  ease,  unexcelled  accuracy  A  thor¬ 
oughness.  Tests  all  receivinf  tabes  (A 
Color  A  Monochrome  pic  tubes  wiU:  adap¬ 
ter).  Csmpesita  indicatien  of  6m.,  Gp  A 
peak  emission.  Simultaneeus  sal  of  any  1 
of  4  combinations  of  3  plate  voltages,  3 
screen  voltMes,  3  ranges  of  continuously 
variable  grid  voltage  (with  5%  accurate 
pot).  New  series-strinf  voltages:  for  600, 
450,  300  ma  types.  Sensitive  200  ua 
meter.  5  ranges  meter  sensitivity  (1% 
shunts  A  5%  pot).  10  SIX-pssitien  lever 
switches:  free-point  connection  of  each 
tube  pin.  10  pushbuttons:  rapid  insert  of 
any  tube  element  in  leakage  test  circuit 
A  speedy  sel.  of  individual  sections  of 
multi-section  tubes  in  merit  tests.  Direct- 
reading  of  Inter-element  leakage  in  nhms. 
New  gear -driven  rollchart.  Checks  n-p-n  A 
p-n-p  transistars;  separate  meter  readings 
of  cellectar  leakage  current  A  Beta  using 
internal  dc  power  supply- 


•Pof«nt»  Pvndine 


2S>34  35lh  Sfroef,  Brooklyn  32,  Now  York 


•osli  Terminal  Buildiisg  No.  4 


S-lOO 

1/5  soc. 

S-60 

1/5  sec. 

$AA-60 

1/100  min. 

S-10 

1/10  sec. 

$-6 

1/1000  min. 

S-1 

1/100  tec. 

MST 

1/1000  tec. 
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tions  where  space  is  critical.  Tire 
tiny,  rugged  units  are  rated  at  200 
WTdc.  Capicitv'  \ariation  is  only 
±10  percent  of  room  temperature 
capacitance  in  a  range  from  —  5  5  to 
+ 1  50  C.  This  stability'  results  from 
a  new  production-controlled  cer¬ 
amic  dielectric  with  high  density 
and  high  K.  Circle  311  on  Reader 
Service  Card. 


Power  Resistors 
molded  covering 

Ohmite  Mfg.  Co.,  3697  Howard 
St.,  Skokie,  Ill.  New,  molded,  wire- 
wound  resistors  are  provided  in  pre¬ 
cision  tolerances  at  relatively  high 
wattages — 3,  5,  and  10  w.  Temper¬ 
ature  coefficient  of  resistance  is  low 
—0  ±20  ppm  per  deg  C.  Resistance 
wire  is  wound  in  a  single  layer  on 
ceramic  cores.  The  covering  of  the 
resistor  is  a  jacket  of  tough,  re¬ 
silient,  Silicone<eramic  material 
molded  around  the  resistor  under 
great  pressure.  This  technique  pro¬ 
vides  a  denser,  smoother,  moisture- 
proof  cosering,  gives'improved  heat 
dissipation  and  reduced  hot  spot 
temperatures.  Circle  312  on  Reader 
Service  Card. 


'^EXPERIENCE:  “Knowledge, 
Skill,  Or  Technique  Resulting  From  Experience." 

Since  1894  we  have  been  designing,  manufac¬ 
turing  and  constantly  improving  our  electric 
soldering  irons!  Today,  no  matter  what  the 
requirements,  there’s  an  American  Beauty  in 
the  right  model,  correct  tip  size  and  proper 
watt  input  to  do  any  soldering  job  quickly, 
properly,  efficiently. 


TEMPERATURE  REGULATING  STAND 

An  automatic  device  for  controlling  tip  temper¬ 
ature  while  iron  is  at  rest.  Prevents  overheating 
of  iron  and  eliminates  frequent  retinning  of  tip, 
while  at  same  time  maintaining  it  at  any  temper¬ 
ature  that  may  be  desirable  or  necessary. 

tf/vV*  fv  Htusfrwfw^  cst^hf  inhrmttion  ovr 

fint  pfphetTK  pohpring  iroht-^incty4ing  th%ir  vm  snd  csrp, 

AMERICAN  ELECTRICAL  HEATER  COMPANY 
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CAPACITORS 


Vitra 


mon 


will  help  you  build  MINIATURE 
. . .  circuit  systems 


Sh«*r  bigntsi  .  .  .  great  in  Texas  .  .  . 
hat  no  place  in  an  electronic  circuit. 
VITRAMON  capacitors  save  you  space 
and  deliver  critical  electrical  perform¬ 
ance  at  the  tome  lime. 


VITRAMON  capacitors 


are  as  small  as  this 


MINIATURE?  YES!  PLUS  .  .  . 


RUGGED  LOW  LOSS  STAilE 
WIDE  TEMPERATURE  RANGE 
LOW  NOISE  VAPORPROOF 


The  biggest  names  in  electronics  use 
VITRAMON  capacitors  in  guided  mis¬ 
siles,  jet  ignition,  proximity  fuses  and 
in  radar,  servo,  guidance.  Are  control, 
telemetering  and  carrier  telephone 
systems. 


life  Sizo  Photograph 


Coax  Cables 
ten  types 


If  swbstitvtts  ort  not  good  onowgh  •  •  • 
if  you  nood  tho  bost  •  •  •  writ#  todoyl 


Eniron,  Inc.,  4902  Lawrence  St., 
Bladcnsburg,  Md.  Eight  com¬ 
pletely  new  types  and  two  conven¬ 
tional  ty'pes  of  r-f  transmission  and 
distribution  coaxial  cables  for  com- 
munitv  t\  antenna  and  similar 


Two  materials  —  a  monolithic  block 
of  porcelain  enamel  and  fine-silver 
elecfrodes  —  fused  into  one  strong, 
stable.  efTicient  and  effectively  ho¬ 
mogenous  REl-IABl-E  unit. 


Incorparited 


•OX  544  A.  •  BRIDGEPORT  T  •  CONN 
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Caledonia  cornbin**  four  functieni  in 
mMolvriiod,  (hock-ratistont  pockog*. 


Electronics  today  is  partly  packaging 


systems  ha\c  been  placed  on  the 
market.  All  have  a  characteristic 
impedance  of  75  ohms.  Both 
single-shield  and  double-shield 
nuxlcls  arc  available  in  the  new 
group.  All  feature  low  loss,  long 


Silicone  Laminate 
high  heat  resistance 

CoNTINENTAf.-DlAMOND  FiBRF. 
CoRp.,  Newark  100,  Del.  Dilccto 
GB-89S  is  m^idc  from  a  coarse 
weave  continuous  filament  glass  fab¬ 
ric  bonded  with  a  silicone  lamin¬ 
ating  resin.  This  new  grade  com- 


PROBLEM:  Design  e  small  (50  cubic  in.) 
and  light  (3^  lbs.)  unit  that  contains: 

1.  a  positive  d.c.  pulse  selector 

2.  a  negative  d.c.  pulse  selector 

3.  a  high  level  60  cps  band  pass  filter 

4.  a  400  cps  detector  circuit 

(all  with  tight  tolerances,  naturally). 

Design  it  to  operate  within  the  usual 
military  environmental  conditions,  in¬ 
cluding  high  vibration  and  shock. 
SOLUTION:  We  assembled  the  ^  ^ 
components  shishkabob 
style.  Then  mounted  the 


kabob  in  a  metal  case  filled  with  an  epoxy 
foam  compound  to  hold  the  parts  in  a 
firm  cushion. 

TIME  ELAPSED:  From  original  assign¬ 
ment,  through  design  to  volume  produc¬ 
tion-two  months. 

If  such  quick,  dependable  assisunce  in 
design  and  production  can  make  your 
work  more  effective,  we’ll  be  glad  to 
hear  from  you.  We  offer  experience, 
good  production  facilities,  and  a  recog¬ 
nized  quality  record. 


C^LiEIDOlSri^ 

I  eiECTRONICS  AND  TRANSFORMER  CO»PORATIOn'| 

Dvpl.  i-13  CaUdoni*,  N.  Y.  •  In  Cannrfo;  Hockbutch,  lid.,  23  PrimroM  Avn.,  Toronto  4,  Onl. 
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fifiiihaiioH' 


a 

modern 

i 

method  of 
maintaining 

ACCURACY 


bines  high  resistance  to  heat,  flame, 
arc  and  moisture  with  good  elec¬ 
trical  and  mechanical  properties. 
Typical  properties  arc  available  on 
request.  Circle  315  on  Reader  Serv¬ 
ice  Card. 


VOR/ILS 

in  one  indicator 

LearCal  Division,  Lear  Inc.,  3171 
S.  Bundy  Drive,  Santa  Monica, 
Calif.  Model  4087  flight  indicator 
displays  course  selection,  reciprocal 
course  heading,  “to-from”  indica¬ 
tion,  lateral  course  deviation,  glide 
slope  indication,  glide  slope  flag 
alarm,  localizer  indicator,  localizer 
flag  alarm  and  heading  changes. 
Circle  316  on  Reader  Service  Card. 


MODEL  261B 


MODEL  262B 


catalog. 


Superior  and  $u$tained  quality  contra! 
through  frequent  calibration  of  te$t  instru 
mentSf  can  be  achieved  by  •emi-$kiUed  perron 
nel  using  these  self-contained  standards. 


Portable  Model  829  calibrates  both  AC  and 
DC  meters  over  ranges  from  0.25  millivolt  to 
2000  volts  and  2  microamperes  to  20  amperes. 
Dtrea  reading  accuracy  of  1%  (0.5%  using 
charts  suppli^).  Output  frequency  from  50 
to  400  cps  depending  on  line  frequency  used. 


Net  price  $2,450. 


Console  Model  26lB  calibrates  all  types  of 
AC  meters  to  direct  reading  accuracies  of 
0.5%  (0.25%  using  calibration  charts)  over 
frequency  range  of  50  to  1600  cps.  Current 
range  from  1.5  milliamperes  to  200  am 
peres;  voluge  range  from  75  millivolts  to 
1500  volts.  Output  of  electronic  power  os¬ 
cillator  has  less  than  5%  total  harmonic 


content  at  60  cycles. 


Model  262B  Dual  Potentiometer  Stand¬ 
ard  calibrates  DC  electrical  measuring 
instruments  to  direct  reading  accuracies 
of  0. 1  %  (0.05%  using  calibration  charts) 
through  voltages  ranging  from  1  milli¬ 
volt  to  1500  volts  and  currents  ranging 
from  1  microampere  to  150  amperes. 
Employs  Weston  instruments  and  stand¬ 
ard  cells. 

Nm  price  flSXM. 

frkes  are  f.e.b.  Seealen,  MJ.  t 
svbjett  to  chaage  wkhavf  metkm. 


^  Kadio  drequmj 

(cro  laboratories. 

VUI!/  Boonton.  Ne« 


Linear  Accelerometer 

low  threshold 

Minneapoms-Honeyweli.,  40  Life 
St.,  Boston  35,  Mass.  Tspe  LA-600 
a-c  linear  accelerometer  consists  of 
a  non-pcndulous  seismic  mass  sup>- 
ported  on  a  frictionless  spring  sus¬ 
pension  and  incorporates  an  a-c 
sariahle  reluctance  t\pe  pick-off. 
Designed  for  aircraft  and  missiles, 
it  is  inherently  insensitive  to  cross¬ 
coupling  accelerations  both  when 
at  null  and  when  under  an  accelera¬ 
tion  along  its  sensitive  axis.  The 
new  unit  also  features  magnetic 
damping  for  near-constant  damping 
ratio,  from  —65  F  to  4-  250  F.  It 
is  hermetically  sealed  and  requires 
no  warmup  time.  Circle  317  on 
Reader  Service  Card. 


Oscilloscopes 
17  and  21  in. 

International  Telephone  and 
Telegraph  Corp.,  250  Garibaldi 
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Help  yourself  to 
electronics'  READER  SERVICE 
it's  free-it's  easy-it's  for  your  convenience 

Each  Advertisement  and  New  Product  item  is  numbered. 

For  more  information,  simpi/  .  .  . 

(1)  Circle  number  on  postpaid  card  below  that  corresponds  to 
number  at  the  bottom  of  Advertisement,  or  New  Product  item. 
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It  is  impossible  to  process  cards  that  are  not  readable. 
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felectronlcs  publishes  all  hew  product  items  of  Inters 
est  to  makers  and  users  of  electronic  and  allied 
equipment. 

The  reverse  side  of  this  card  provides  a  service  to 
subscribers  by  facilitating  the  flow  of  additional  in* 
formation  between  manufacturers  and  our  readers. 

Take  advantage  of  Reader  Service— and  the  readership 
of  electronics. . .keep  the  Industry  Informed  about  your 
New  Products  and  New  Literature  via  their  mention  In 
^the  editorial  pages  of  electronics. 
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New  York  36,  N.  Y. 
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Ave.,  Lodi,  N,  J.,  has  developed  17 
in.  and  21  in.  oscilloscopes  which 
accurately  measure  voltages  and  cur¬ 
rents  in  the  frequency  range  from 
d-c  to  250  kc.  'Fhe  scopes  provide 
a  linearity  of  better  than  1  percent 
over  a  calibrated  scale  10  in.  by  15 
in.  Voltage  measurement  aceuracs' 
is  better  than  2  percent  without 
calibration.  Accurate  performance  is 
assured  by  means  of  a  high  precision 
magnetic  deflection  system.  Cirele 
318  on  Reader  Serviee  Card. 


Digital  Voltmeter 
transistorized 

Beckm.^n  Systems  Division,  325 

N.  Muller  Ave.,  Anaheim,  Calif. 
Accuracy  and  resolution  of  the 
new  mixlel  81  digital  voltmeter  is 

O. 015  percent  over  the  three  auto- 
wtically  switched  ranges  of  d:10, 
^100,  and  ±1,000  v  d-c.  Input 
impedance  of  the  instrument  is 
10  megohms  at  all  times,  esen 
when  digitizing  and  under  condi¬ 
tions  of  overload.  Unit  is  ideally 
suited  for  use  in  applications  such 
as  prixluction  testing,  precision  re¬ 
search  measurements,  telemetry, 
and  alarm  monitoring.  Circle  319 
on  Reader  Service  Card. 


relies  on  new 
Proto-Circuits  Division 


Transistor  Amplifier 
quadrature  rejection 

M.  Ten  Bosch,  Inc.,  80  Wheeler 
Ave.,  Pleasants  ille.  N,  Y.  Mixiel 
18050500  is  a  high  temperature, 
miniaturized,  hermetically-scaled, 
plug-in  transistor  amplifier  featuring 
quadrature  rejection,  high  imped¬ 
ance  input,  and  low  impedance 
output.  It  is  primarily  intended  to 
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for  printed  wiring  prototypes 

Dage  Television  needed  printed  wiring  protot3T)e8  —  in  a  hurry. 
The  project:  the  Ist  Airborne  Transistorized  MIL  Qualifi^ 
TV  System,  for  automMic,  fully  stabilized  control  of  Photo 
Reconnaissance  Cameras. 

Dage’a  choice:  PROTO-CIRCUITS  Division  of  PHOTOCIRCUITS. 

Only  PHOTOCIRCUITS  offers  you  such  a  complete,  separate 
prototS^pe  facility.  PROTO-CIRCUITS’  streamlined  organization 
—  from  design  through  tooling— cuts  paperwork  and  overhead  to 
the  bare  minimum.  You  get  fast  service  at  low  cost,  whether  you’re 
next  door  or  across  the  country. 

You  get  better  prototypes,  because  PROTO-CIRCUITS  uses  the 
same  highly  refined  production  techniques  utilized  by 
PHOTOCIRCUITS. 

The  transition  from  prototype  to  production  is  a  smooth  one, 
free  from  awkward,  costly  mistakes  and  misunderstandings. 
PHOTOCIRCUITS’  unique  and  unequalled  production  capacity 
assures  a  steady,  on-time  flow  of  boards,  regardless  of  quantity. 
Dage  made  the  logical  choice  — based  on  high  quality,  low  cost, 
fast  service.  For  the  same  reasons,  you  too  should  contact 
PROTO-CIRCUITS  for  your  prototype  needs.  Write  or  call 
Department  1135  for  full  information  today. 


GLEN  COVE.  NEW  YORK 

PHONES  I  CABLE 

QLEN  COVE  4-8000  FLUSHING  7-8100  I  PHOCIRCO 

CIRCLE  149  READERS  SERVICE  CARD 
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rccci\c  signals  from  a  synchro 
control  transformer,  or  similar 
signal  device,  and  to  provide  a 
quadrature  suppressed  signal  to 
an  a-c  seno  amplifier  such  as  those 
in  the  TRAMP  line  prrnluccd  bv 
the  company.  Circle  320  on  Reader 
Service  Card. 


Sound  Source 
wide  band 


for  the  engineer 
who  has  everything 


B&K  Insirijments,  Inc.,  3044  W. 
106th  St.,  Cleveland  11,  Ohio,  an¬ 
nounces  a  nevs',  quick  and  reliable 
instrument  for  field  calibration  of 
sound  measurement  systems.  It  is 
specifically  designed  to  be  used  with 
standard  measurement  micro¬ 
phones.  Model  4240  noise  source  is 
a  small,  self-contained  acoustic  cali¬ 
brator  for  quick  and  reliable  cali¬ 
bration  of  sound  measurement 
systems.  It  mcchanicallv  generates 
a  wide  band  sound  at  a  sound  pres¬ 
sure  level  of  approximatelv  108  db 
for  about  1 4  sec  by  means  of  1 4,000 
l-mm  precision  steel  balls  striking 
a  metal  diaphragm.  'Ilic  spl  is  cali¬ 
brated  in  terms  of  its  rms  value  and 
is  accurate  to  ±:1  db.  Circle  321 
on  Reader  Service  Card. 


With  the  same  Philanthropic  Genius  responsible  for  such  world-renowned 
items  as  Fmder-Fixing  Kits,  micromccarthys,  automation  relays  and 
other  assorted  contributions  to  the  scientific  community,  Sigma  now 
proudly  offers  a  new  GIFTRELAY  just  in  time  for  Christmas. 


Model  1932  WPA  G.R.’s  are  designed  to  please  engineers, 
inventors,  executives,  small  boys,  mothers,  brothers  and  distant  cousins. 

Coil  power,  shock  mountings  and  circuit  connections  can  be  forgotten,- 
1932*s  are  above  all  that.  Their  usefulness  is  their  ability  to  provide  basic 
pleasures,  free  of  psychological  complications  or  additional  investment. 

For  example,  you  can  easily  carry  a  1932  around  in  your  pocket,  ready 
for  instant  use  in  any  conversation  ...  or  just  to  remind  yourself  that 
you  are  part  of  today’s  World  of  Electronics.  Or  a  certain  Technical 
Atmosphere  can  be  created  by  casually  placing  a  1932  on  your  desk,  living 
room  mantelpiece  or  bar  counter — wherever  you  happen  to  be.  (This 
quality  will  undoubtedly  have  immediate  appeal  to  executives  of  advertising 
agencies  with  technical  accounts.)  And  for  plain  utility,  a  1932  WPA  G.R 
with  its  removable  base  is  handy  for  carrying  pills,  parking  meter 
money,  rare  emeralds,  BB  gun  pellets,  secret  messages  printed  on  bible  paper, 
truth  serum  and  other  small  items  of  everyday  usefulness.  (It  is  not 

recommended  that  alcohol  be  placed  in  a  1932;  it  could  eat  the  genuine 
finish;  besides,  it  only  holds  0.379  oz.) 


Servo  Amplifiers 
400-cycle  units 

I.iBR.sscoPE.  Inc.,  808  Western 
.\ve..  Glendale,  Calif.,  announces 
the  iiukIcI  301-2  transistor  servo 
amplifiers.  W'ith  a  J-w  output,  the 
light-weight  (less  than  2  oz)  encap¬ 
sulated  units  use  silicon  transistors 
to  provide  reliable  performance 
over  wide  temperature  range.  Partic¬ 
ularly  suited  for  controlling  small 
servo  motors  in  high-performance 
instrument  control  systems,  they 
have  a  voltage  gain  of  100,  with  an 


If  you  hurry,  you  can  get  a  Sigma  GIFTRELAY  for 

that  person;  if  you  don’t  hurry,  you1l  still  probably 
be  able  to  get  one  but  we’ll  be  disappointed.  Send 

25  Gents  in  hard  cash  or  mint  stamps  (no  rare  coins 
this  time,  please),  to  L.  B.  Quinlan,  Adv.  Mgr. 

Offer  closes  sometime  and  all  decisions 
of  the  shipping  room  are  final. 


MODEL  1933  GIFTRELAY, 
octuoi  liiti  outwardly 
fimilor  to  $191110  Sorios  32| 
imido,  thoro  oin't  nothin'. 


SIGMA  INSTRUMENTS,  INC. 

62  Pearl  St.,  So.  Braintree  85,  Mass. 

AM  AmuATI  or  TMS  PWHSM.PICMCS  CO.  WMlMn 
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GERMANIUM  WASTE 
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with  these  new  paper-thin 

mM 

Felker  Diamond  Bladei 

i! 

Here’s  good  news  to  eJl  crystal  cutters, 
germanium,  quartz,  silicon,  baritim  titanate, 
etc.I  Felker  DI-MET  metal  bonded  diamond 
blades  are  exceedingly  thin,  areatly  reducing 
amount  of  expensive  crystal  lost  in  the  cut! 
Special  blades  are  supplied  for  cither  watering 
or  dicing  insuring  maximum  efficiency  and 
savings  of  material  I 

P'ast  cutting,  smooth  finishes,  long  blade  life, 
utmost  reliability ...  you  get  them  all  in  Felker 
DI-MET. .. originators  of  the  first  commercial 
diamond  abrasive  cut-off  blades! 

Available  from  your  Felker 

Distrilrutor ...or  write  direct. 


Ahotef  Bclou:; 

FOR  DICIN6  FOR  WAFERIN6 
TYPf  RIT  TYPE  RITR 
Available  ai  Available  ai 

thin  at  .00<r  thin  aa  .015* 


FELKER  MANUFACTURING  CO. 

Torrance,  California 

Dimond  Cuf-Off Bbdosl 
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VITREOSIL 


FUSED  QUARTZ 

MEETS  YOUR 
CRITICAL 
REQUIREMENTS 


CHECK  WHAT  VITREOSIL  OFFERS: 


Absolute  Chemical  Purity 


Extreme  Heat  Resistance 


Thermal  Shock  Resistance 


Chemical  Inertness 


Outstanding  Electrical  Properties 


'  /AS  TR  VMEISTS,  /AC. 

100  Industrial  Road,  Addison,  III.,  Phone  KIngswood  3-6444 
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Full-Range  Radiant  Energy 
Transmission 


VITREOSIL  fused  quartz  prod* 
ucts  can  be  supplied  in  an  un¬ 
usually  large  variety  of  types 
and  sizes.  Also  fabricated  to 
specification  to  meet  semi-con¬ 
ductor  requirements. 

TRANSPARENT  VITREOSIL 

For  ultra-violet  applications, 
metallurgical  investigations  and 
processes,  chemical  research  and 
analysis,  photochemistry,  spec¬ 
troscopy  and  physical,  optical 
and  electrical  research  and  pro¬ 
duction  operations.  Send  specifi¬ 
cations  for  your  requirements. 
Please  use  coupon  below. 

See  our  ad  in 

Chemical  Engineering  Catalog 


THERMAL  AMERICAN 
FUSED  QUARTZ  CO.,  INC. 

18-20  Salem  Slrc.t,  Dover,  New  Jertey 


Please  tend  technical  data  on 


Company _ 

Name  A  Title _ 


City  _ State _ 

CIRCLE  211  READERS  SERVICE  CARD 


takes 
-550  to 
+I250C. 

with  1.2 
watts 
at  40OC 


50G's 
meeting 
MIL- R -19; 
exceeding 
NAS  710 
proc.  Ill 


input  impedance  of  100  K  ohms. 
Power  requirements  are  28  v  d-c 
at  60  ma  for  full  output.  Circle  322 
on  Reader  Service  Card. 


exceeding 

MIL-R-19 


Hell pot* 


and  9  taps  per  section, ..servo  or  , 

bushing  mount,  with  bearings  Beckman/. .  . 

/  Hell| 

front  and  rear  for  perfect  alignment.  ...  ./ 

Helipot  Division  ef/ 

Put  them  all  together,  in  the  T’S  Beckman  instruments.  Inc. 

Fullerton,  California 

new  cup-type  housing,  and  you’ll  Engineering  representatives 

®  '  in  28  cities 

have  the  best-value  miniature 
you  can  design  into  your  system! 

For  the  full  T.-  Pot  Story,  whistle  for 
data  file  A122. 

potentiometers  rdUls: delay  lines  texpsnded  scaTe  metervTrotatlng componera : Breadboard  parts 


tf  elipot  Division  af  / 
Beckman  Instruments,  Inc. 
Fullerton,  California 
Engineering  representatives 
in  28  cities 


Oscillator-Transducer 
for  high  reliability 

Solid  State  Klectronics  Co., 
8158  Orion  Avc.,  Van  Nuys,  Calif., 
has  available  the  Osciducer,  an  ul- 
traminiaturc  prcssurc-to-frequcncy 
converter  which  provides  a  new- 
simplified  approach  to  missile, 
space  vehicle,  aircraft  and  indus¬ 
trial  telemetering.  A  temperature 
stabilized  silicon  transistor  oscil¬ 
lator  has  been  wedded  to  a  variable 
inductance  diaphragm-type  pT..s- 
sure  transducer  to  provide  a  ■ 
picte  in-line  instrumentation  n 
ulc  for  the  remote  mcasuremei; 
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name 

your 

punish¬ 

ment... 


and  you’ll  find  the  Helipot  Series  T 
all-metal  single-turn  precision 
potentiometer  can  take  it ! 

Name  your  linearity,  to  ±0.20%.. .your 
resistance,  from  650  to  100,000 
ohms.. .up  to  5  ganged  sections 


Power  Pentode 
low-distortion 

Wes  I  INC  HOUSE  Electric  Corp., 
Route  17,  Elmira,  N.  Y.  The 
6/8B^5  is  a  nine-pin  miniature 
power  pentode  intended  for  audio 
output  with  limited  driver  voltages. 
.\s  a  Class  A  amplifier  the  tube  will 
deliver  5,7  w  with  a  maximum  of  10 
percent  distortion;  in  Class  .\B 
pushpull  operation,  it  will  deliver 
17  w  with  a  maximum  of  four  per¬ 
cent  distortion.  Rated  plate  dissipa¬ 
tion  is  12  w.  Circle  323  on  Reader 
Service  Card. 


pressure.  Circle  324  on  Reader 
Scrs  ice  Card. 


Adhesive  Tape 
pressure  sensitive 


Dcrable  Rubber  Products  Co., 
609  W.  Lake  St.,  Chicago,  111., 
«  announces  a  double-faced  pressure 

sensitive  adhesive  tajx:  called  'I’win- 
Stick  No.  9.  It  consists  of  a  light 
weight,  porous,  transparent  jiapcr 
carrier  which  has  been  saturated 
and  coated  on  both  sides  with  a 
clear,  aggressive,  super-aging  pres¬ 
sure  sensitise  adhesive.  The  rolls  are 
asaikiblc  with  a  dry  edge  where  the 
release  paper  overlaps  the  adhesive 
film  by  i  in.  This  allows  for  ease 
in  remos  al  of  the  release  paper  after 
applying  to  the  surface.  Circle  323 
on  Reader  Service  Card. 


$ 


50 
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equipment! 
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Junction  Transistor 
pnp  type 

Radio  Corp.  of  America,  Somer¬ 
ville,  N.  |.  A  new  germanium 
pnp  alloy-junction  transistor  (2N- 
331)  is  announced.  The  2N331 
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Alto  dtscribtt  Heathklt  ham 
Otar  and  hi-fi  equipmant  in 
Mt  form.  100  interasting  and 
.profitable  "do-it-yourtelf" 
prolectsi 
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The  famous  model  V-7A  Vacuum- 
Tube-Voltmeter  is  a  perfect 
example  of  the  high-quality 
Instruments  available  from  Heath 
at  Vi  the  price  you  would  expect 
to  pay  I  Complete. 

only 
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Gas  Density  Switch 
subminiature 

Newark  Controls  Co.,  15  W'ard 
St..  Bloomfield,  N.  J.  Model  RM- 
73  subminiaturc  gas  density  switch 
was  designed  for  use  on  aircraft, 
missiles,  vibrating  equipment,  wave 
guide,  x-ray  machines,  and  pack¬ 
aged  electronic  equipment.  Units 
are  used  to  detect  gas  leakage  in 
closed  solunies  where  the  normal 
gas  pressure  varic-s  with  tempera¬ 
ture;  to  detect  critical  arc-over  gas 
densities:  and  to  signal  gas  densities 
in  processes  that  are  subject  to 
wide  variations  in  temperature. 
Circle  326  on  Reader  Service  Card. 


Get  the  most  out  of  your  test  equipment  budget  by  utilizing  HEATHKIT 
instruments  in  your  laboratory  or  on  your  production  line.  Get  high 
quality  equipment,  without  paying  the  usual  premium  price,  by  dealing 
directly  with  the  manufacturer,  and  by  letting  engineers  or  technicians 
assemble  Heathkits  between  rush  periods.  Comprehensive  instructions 
insure  minimum  construction  time.  You’ll  get  more  equipment  for  the 
same  investment,  and  be  able  to  fill  your  needs  by  choosing  from  the 
more  than  100  different  electronic  kits  by  Heath.  These  are  the  most 
popular  "do-it-yourself'*  kits  in  the  world,  so  why  not  investigate  their 
possibilities  in  your  particular  area  of  activity!  Write  for  the  free 
Heathkit  catalog  nowl 


Cofttaina  detailed  descriptions 
of  Heathkit  models  available. 
Including  VTVM's,  scopes, 
generators,  testers,  bridges, 
power  supplies,  etc. 


FREE  catalog 

Mall  coupon  below  for 
your  copy— Nowl 


HEATH  COMPANY 

A  SUBSIDIARY  OP  OAVSTROM,  INC, 
BENTON  HARBOR  14,  MICHIGAN 


I 


has  a  currcnt-transfer-ratio  charac¬ 
teristic  which  is  essentially  constant 
over  the  useful  operating  current 
range  for  the  device.  'ITiis  feature, 
in  addition  to  low  collector-and 
emitter-cutoff  currents,  low  base  re¬ 
sistance,  a  typical  power  j^iin  of 
44  db,  and  a  typical  noise  factor 
of  9  db,  makes  the  new  transistor 
particularly  useful  in  low-power  a-f 
amplifier  scrsicc.  Transistor  is  her¬ 
metically  sealed  in  a  metal  case 
having  the  dimensions  of  JE  I'EC 
outline  No.-  'I’O-Q.  Circle  327  on 
Reader  Service  Card. 


Shielded  Coil  Form 
horizontally  mounted 

Cambridge  Thermionic  Core., 
445  Concord  .Ave.,  Cambridge  58, 
Mass.,  announces  a  completely 
shielded  coil  form  assembly  using 
internal  powdered  iron  compo¬ 
nents  of  unique  design.  It  is  ideal 
for  i-f  strip  work  where  case  of 
tuning,  compactness,  and  dependa¬ 
bility  under  rigorous  scrs  icc  condi¬ 
tions  are  required.  'ITic  assembly 
can  be  chassis  mounted  for  consen- 
tional  circuitrs-  by  means  of  a  No. 
2-56  screw  or  it  can  be  mounted  for 
p-c  wiring  bv  four  pins.  Required 
mounting  holes  are  on  0.400  in.  by 
0.500  in.  centers.  The  mounted  as- 
semblv  is  i  in.  wide  bv  i  in.  high. 
Circle  328  on  Reader  Serviee  Card. 


AW 


*  Alio  availabh  with  UHF,  BNC  and  Tjrpo  C  cor.noctori 
f  A/io  available  with  BNC  and  Typa  C  eonnnetors 


Par  mora  Information  ploato  wrho  for  69-pago  catalog  Mo.  12 
or  too  Boctronka  Bvyort’  OaUo  or  Boctrordc  tngktoort  Mattor. 


U.S.  iHftn  Patwit  No.  2.S»f,390 


NLC  JONES  ElECTRONICS  CO.,  Inc. 

BRISTOl,  CONMECTKOT 


V-R  Power  Supply 
magnetic  type 

JCepco  Laboratories,  Inc.,  131-38 
Sanford  Avc.,  Mushing  55,  N.  Y. 


VSWR  and  RF 


as  MCS  TO  3000  MCS 

These  rugged,  compact  units  accurately  measure  and  indicate  the 
RF  power  and  VSWR  of  coaxial  transmission  lines.  Each  type  com¬ 
bines  a  frequency  insensitive  bidirectional  coupler  and  complete 
indicator  circuit  in  one  small  case.  Accuracy  of  power  measurement 
is  ±  5%  of  full  scale. 


Modal  No. 

FrequaiKy  Rang* 

Powar  Ronga 

RF 

lAAci) 

(Worn) 

Connacton 

71 2N 

25—1000 

0-2.5;  5;  10  in  3  Kolai 

N* 

723N 

1000—3000 

0-12  in  ona  tcola 

Nt 

148 
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Model  KM-253  compact  tubeless 
magnetic  voltage  regulated  power 
supply  dclixcrs  in  hso  ranges,  20  to 
40  V,  0  to  6  amperes,  and  40  to 
60  V,  0  to  4  amperes.  Regulation 
for  line  or  load  is  less  than  ±1 
percent.  Ripple  is  less  than  0.05 
percent.  Other  features  include 
high  conversion  efficiencs'  75  per¬ 
cent  at  full  load,  a  control  for 
optimizing  regulation  at  any  given 
output  voltage,  excellent  resolution, 
short  circuit  and  oscrload  pro¬ 
tection,  excellent  line  transient 
response.  Circle  329  on  Reader 
Service  Card. 


id 

1 

• 

sample  lengths  of 


L  FRANK 


MARKEL 

SINCE  1S22 

k.  A 


HEXin 


&  SONS 


FLEXLEAK 


INSULATING  TUBINGS 
AND  LEAD  WIRE 


Voltage  Regulators 
for  critical  .control 

General  Electric  Co.,  Schenec-  j 
tady  5,  N.  Y,  Changes  in  load  j 
power  factor,  supply  power  fre¬ 
quency  or  load  do  not  affect  the 
operation  of  the  Inductrol  voltage 
regulators.  For  industrial  and  mili¬ 
tary  applications  requiring  critical, 
drift-free  voltage  control,  these 
units  of  drs-type  construction  arc 
available  in  standard  ratings  up  to 
600  V,  240  kva,  single-phase,  and 
600  V,  720  kva,  three  phase.  Circle 
330  on  Reader  Service  Card. 


Glass  Fabric 
in  roll  form 

Standard  Insulation  Co.,  East 
Rutherford,  N.  J.  Stanpreg  PI,  a 
new  all-purpose  polyester  resin  pre¬ 
impregnated  glass  fabric,  combines 
unusually  high  elevated  tempera¬ 
ture  strengths  with  flame  resistance. 
Laminates  prepared  from  Stanpreg 
PI  arc  rated  as  self-extinguishing 
and  have  retained  approximately 


.  .7  y 

If  your  specifications  call  for  -wiiU  ttieiiiF' characteristics, 


superior  electricals,  excellent  flexibility,  ehenical  inai^ss  — or  any  com¬ 
bination  of  these  properties  —  you  will  mint  to^e  Markel  FLEXITE  Teflon 
tubing  and  Markel  FLEXLEAD  J^pt  inadl^  lead  wire  —  which  will 
meet  your  specs,  or  make  tli4ni}:^'^ 

To  acquaint  you  with  thesu  preciii^roducts,  we  will  be  glad  to  send 
you  free  experimen^^n^s  of  Markel  FLEXITE  and  FLEXLEAD.  Just  mail 
the  coupon  tod^^M*  valp^Ie  Markel  Teflon  Kit 

*  Du  Pont  telrafluoroethylene  resin 


mail  coupon 


L  Frank  Markel  t  Sons,  Post  Office  Box  752-A,  Norristown,  Pa. 

Gentlemen:  I  shall  be  glad  to  receive  a  free  Markel  TEFLON  Kit 


I  Add: 
I  City. 


Name _ 

Firm  Name 
Address _ 
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50  per  cent  of  their  original  values 
at  operating  temperatures  up  to  and 
including  400  F  for  periods  as  long 
as  200  hours.  It  is  an  ideal  material 
for  both  commercial  and  military 
applications.  Circle  331  on  Reader 
Service  Card. 


IN  ANALOG  DATA  REDUCTION  SYSTEMS 


Three  companion  units  by  Hycon  Eastern  provide  auto¬ 
matic  indexing  and  high-speed  access  to  selected  data 
in  multi-channel  magnetic  tape  instrumentation  systems. 


DIGITAL  TIMING  GENERATOR,  MODEL  ROT,  gener¬ 
ates  numerically  coded  timing  signals  which  are 
recorded  on  magnetic  tape  throughout  the  data 
recording  periods,  providing  a  precise  digital 
index  in  terms  of  elapsed  time.  The  Generator 
also  visually  displays  the  exact  time  in  hours, 
minutes  and  seconds  as  illuminated  digits. 


Power  Resistors 
axial-lead 


,  ify  DIGITAL  TIMING  GENERATOR,  MODEL  20AA,  EOR 
AIRBORNE  APPLICATIONS  is  a  militarized  ver- 
sion  of  Model  201.  A  Remote  Control  Box 
contains  Power  ofT-Standby-Operate  Switch, 
j  the  Digital  Clock  Set,  and  the  Time  Display. 

Completely  transistorized.  Model  206A  in- 
'^1  eludes  a  binary  coded  decimal  system  al¬ 

though  other  timing  formats  are  available  to  meet  customer  requirements. 
Weighing  only  15  pounds.  Model  206A  is  stable  to  1  part  in  100,000  giving  an 
accuracy  of  ^  1  second  in  1  day’s  time. 


Sprague  F.i.eciric  Co..  35  Mar- 
sliall  St.,  North  Adams,  .Mass., 
has  introduced  tiny  2  and  2i'\v 
\  itrcous-cnamcl  power  wirewonnd 
resistors  as  part  of  a  new  series  of 
its  axial-lead  Blue  Jacket  resistors 
for  industrial  applicitions.  The 
2-w  resishir  is  only  *<i  in.  in  dia¬ 
meter  by  J  in.  long,  while  the  2i- 
w  resistor  is  only  in.  in  diameter 
bv  17/32  in.  long.  Other  ratings 
in  the  series  include  a  3-w,  a  new 
and  smaller  5-w  unit,  and  new-7 
and  11-w  resistors  in  the  sizes  of 
the  prexions  5  and  10-w  units. 
complete  list  of  standard  ratings 
available  in  a  \aricty  of  resistance 
tolerances  is  shown  in  engineering 
bulletin  7410,  available  on  letter¬ 
head  request. 


WESCON  SHOW 
Booth  Not.  1563  &  1566 


JMAGNETIC  TAPE  SEARCH  UNIT,  MODEL  202,  operates  dur¬ 
ing  data  reduction  periods.  On  the  basis  of  time  indices 
recorded  on  the  tape  by  the  Digital  Timing  Generator, 
this  instrument  automatically  locates  and  selects  for 
controlled  playback  the  tape  data  included  between  a 
“sequence  start  time”  and  a  “sequence  end  time”  spe¬ 
cified  by  panel  dial  settings.  The  time  index  is  visually 
displayed  as  illuminated  digits  on  a  small  separate 
panel  which  may  be  remotely  located  for  convenience. 
Model  202  may  be  modified  to  search  for  timing  for¬ 
mats  other  than  those  originated  by  Model  201. 


WIND  TUNNEL  TESTING  lET  ENGINE  TESTING  MIUIIE  AND  AIRCIUFT  TESTING 

PratMr*  and  ••mparatur*  data  Digital  Timing  Gnnnralar,  Modal  206A  g«n«ral«t  timing 

of  mistilat  ora  rafarancad  to  AAodal  201  lynchroniias  all  lignoli  timullonaoutly  with 

ongla  of  ottock.  AAodal  201  data  racaiving  aqwipmant.  Its  ethar  flight  tait  data.  AAodal 

racords  on  topa  a  digilizad  output  con  ba  oipad  to  mul-  201  ganarotas  a  timing  <oda 

position  signal  for  aoch  naw  tipla  last  calls  and  control  formal  for  synchronizing 

ongla  of  attack.  rooms  simullonaously.  ground  station  racordings. 

norite  for  Technical  Bulletin  TSG 


Interval  Timer 
highly  accurate 

Dynapar  Corp.,  5150  Church  St., 
Skokie,  111.  Tlic  Dynatimcr  F-lcc- 
tronic  Stopwatch  has  been  devel¬ 
oped  for  measuring  time  intervals 
between  opening  and  closing  of 
contacts  on  xirtuallv  anv  inslru- 


HYCON  EASTERN,,  INC 


Combridga  42,  AAoss. 


75  Combridga  Parkway 


CIRCLE  216  READERS  SERVICE  CARD 


December  5,  ?958  —  ELECTRONICS  engineering  issue 


merit  or  control.  It  is  available 
with  either  glow  counter  tube  or 
Nixie  neon  tube  readout,  for  di¬ 
rect  numerical  reading  in  milli¬ 
seconds.  Accuracy-  is  ±  1  millisec; 
range,  contact  time  interxals  from 
2  millisec  to  10  sec.  Sescral  time 
intcrx-als  may  be  automatically  to¬ 
taled.  Circle  332  on  Reader  Serv¬ 
ice  Card. 


Epoxy  Adhesive 
in  stick  form 

Robert  Marks  Co.,  47  Goddard 
St..  Providence.  R.  1.  F.pistik.  a 
new  epoxy  adhesixe  in  stick  form, 
is  as  simple  to  use  as  a  stick  of 
scaling  wax.  Simply  heat  parts  to 
about  223-230  F,  rub  stick  on 
parts,  then  assemble  and  aire  at 
once,  or  let  parts  cool  and  assemble 
and  cure  at  any  time.  It  bonds  all 
types  of  metals,  ceramics,  carbides, 
and  carbon  to  each  other  or  them¬ 
selves.  Any  material  that  cm  with¬ 
stand  curing  temperature  of  260 
F  can  be  bonded.  Circle  333  on 
Reader  Service  Card. 


Circuit  Breaker 

miniature  device 

F-'I’-A  Products  Co.  ok  .Xmerica. 
6284  N.  Cicero  Ave..  Chicago  46. 

Ill.  Model  45-700-P  miniature  cir¬ 
cuit  breaker  eliminates  nuisance  or 
accidental  circuit  interruptions. 
The  trip-free  mechanism  presents 
breaker  reset  while  oserload  condi¬ 
tions  prcsail.  Depression  of  the 
reset  button  will  not  interrupt  the 
circuit  once  the  brt“akcr  is  closed. 
Unit  can  be  installed  singly  or  in 
banks  and  will  cope  with  surge  cur-  | 


VACUUM-TUBE  AND 
SEMICONDUCTOR  ELECTRONICS 

Provide*  a  full,  practical  underatanilinir  of 
baaic  vacuum-tube  and  iiemiconductor  ^ec- 
tronlca.  Cover*  the  Internal  phyulcal  t»e- 
havtor  and  the  external  circuit  character- 
IntlCfi  of  vacuum,  caaeou*,  and  semiconduc¬ 
tor  device*.  Important  circuit*  are  treated 
In  detail,  and  are  analyzed  on  a  physical 
basis.  Includes  material  on  rectiflers,  photo- 
devices,  untuned  voltage  ampliflers,  audio 
power  ampllflers,  feeditack  amplifiers,  and 
sinusoidal  oscillators.  Hy  Jacob  Mlllasan, 
Prof,  of  Electrical  EnKlneerlng.  Columbia 
University.  *44  pp..  ill**.,  •!*.••. 


ELECTRONIC  CIRCUITS 

Develops  l>aaic  concepts  common  to  large 
classes  of  tube  and  '.ransitor  circuits. 
Oeneral  techniques  for  developing  plece- 
wlse-llnear  and  Incremental  linear  e<iuiva- 
lent  circuits,  or  network  models,  are  pre¬ 
sented  In  considerable  detail.  Modem  cir¬ 
cuit  theory,  augmented  by  certain  new  con¬ 
cepts  related  directly  to  the  electronic 
device*.  Is  then  used  to  develop  a  system¬ 
atic  theory  for  electronic  circuits.  By 
R.  J.  Aagele,  Jr.,  Prof,  of  Electrical  Engi¬ 
neering,  Polytechnic  Institute  of  Brooklyn. 
45*  pp..  lllBs. 


New  Working  Aids 

from  McGraw-Hill 


INTRODUCTION  TO 
NONLINEAR  ANALYSIS 

This  book  provides  the  engineer  and  the 
scientist  with  essential  Information  on 
many  of  the  basic  techniques  for  finding 
solutions  for  nonlinear  differential  equa¬ 
tions  having  a  single  Independent  variable. 
Includes  much  information  on  physical 
systems  of  many  types  and  of  real  practical 
interest — the  systems  which  in  modern 
practice  increasingly  require  the  use  of 
nonlinear  equations  in  their  mathematical 
description.  By  Walter  J.  CaaBlagluiBB, 
Prof,  of  Electrical  Engineering,  Yale  U. 
X4*  pp.,  175  rharts,  diagrams,  and  table*. 
t».5*. 

ANALOG  SIMULATION 

Solution  of  Field  Problems 

Olves  a  i-omprehensive  survey  of  analog 
technbiues  and  systems  for  solving  field 
problems,  together  with  a  concise  presenta¬ 
tion  of  the  mcthematical  tools  necessary 
for  their  optimum  utilization.  A  wide  va¬ 
riety  of  applications  are  classified  accord¬ 
ing  to  the  partial  differential  equations 
governing  the  systems.  Important  data  Is 
summarized  in  22  convenient  tables.  By 
Walter  J.  Karpla*.  Asst.  Prof..  Dept,  of 
Engineering,  U.  of  California.  L..  A.,  Pres., 
En^neering  Analysis,  Inc.  4S4  pp..  illas.. 
$l*.*«. 


INTRODUCTION  TO 
ELECTROMAGNETIC 
ENGINEERING 

This  helpful  book  develops  field  concepts 
as  an  extension  of  circuit  theory.  It  ob¬ 
tains  Maxwell's  e<|uations  in  the  early 
chapters,  and  specializes  them  to  the  static 
case.  Particular  attention  is  given  to  static 
field  theory,  with  the  e^iulvalence  principle 
applied  to  related  problems.  Introduces 
time-varying  field  theory  and  completely 
defines  and  Interprets  field  vectors.  By 
Ragrr  K.  Harrington,  Dept,  of  Electrical 
Engineering,  Syracuse  U.  Sit  pp..  1*7 
Illas..  **.00. 


MATHEMATICS  OF  PHYSICS 
AND  MODERN  ENGINEERING 

Supplies  you  with  the  re<iulred  mathe¬ 
matical  techniques  and  principles  for  keep¬ 
ing  up  with  present-day  technology.  Cover¬ 
ing  the  full  range  of  modem  applied  math¬ 
ematics,  it  taken  up  infinite  series,  vector 
field  theory,  partial  differential  equation:*, 
probability,  numerical  analysis,  and  other 
essential  toidcn.  Scores  of  examples  and 
diagrams  help  you  insure  a  sound  working 
knowledge  of  this  vital  mathematicai 
equipment.  By  I.  H.  Sokolnlkog,  Prof,  of 
Math.,  and  R.  M.  Rrdheger,  Assoc.  Prof, 
of  Math.,  both  of  1!.  of  Callfronia,  L,.  A. 
*10  pp..  214  III**.,  *0.50. 


THE  PREDICTION  OF 
BALLISTIC  MISSILE  TRAJECTORIES 
FROM  RADAR  OBSERVATION 

Develop*  methods,  based  on  the  statistical  theory  of 
parameter  estimation,  that  can  be  used  to  determine 
the  trajectories  of  ballistic  missiles.  Prime  consid¬ 
eration  is  given  to  maximum  likelihood  parameter 
estimates.  An  extensive  analysis  of  the  random 
error*  associated  with  predictions  based  on  the 
maximum  likelihood  method  is  aMb  given.  Several 
chapters  cover  changes  in  the  prediction  methods 
nci-essary  to  account  for  the  earth's  rotation  and 
oblateness.  By  Irwla  I.  Shapiro.  I.Incoln  I>ahoratory, 
M.I.T.  43*  pp..  Illu*.,  •7.**. 


MAIL  COUPON  FOR  lO-DAY  FREE  EXAMINATIOK 


McOrow-Hill  goeli  Co.,  Oopt.  F-12-4,  327  W.  4ltt  Si.,  N.Y.C.  3* 

Send  me  book(s)  checked  below  for  10  days’  examination  on  approval.  In  10  days  I 
will  remit  for  book(s)  I  keep  plus  few  cents  for  delivery  costs,  and  return  unwanted 
book(a)  postpaid.  (We  i>ay  delivery  costs  If  you  remit  with  this  coupon — same  return 
privilege.) 
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SCIENTISTS  &  ENGINEERS 

For  our  test  facilities  at 
Vandenberg  AFB  and  Point  Mugu,  Calif. 


Lockheed  Missile  Systems  Division’s  newest  location  b  at  Vandenberg 
Air  Force  Base  near  Santa  Maria,  Calif.  Santa  Maria  is  approximately 
halfway  between  Los  Angeles  and  San  Francisco,  making  either  city  an 
enjoyable  weekend  trip.  The  climate  and  scenery  here  are  superb.  Fine 
golf  courses  are  available  as  is  good  surf  fishing,  and  swimming  in  the 
Pacific  just  20  minutes  away.  It’s  an  ideal  location  for  working  and  living. 

The  Division-  is  systems  manager  for  such  major,  long-term  projects 
as  the  Air  Force  Earth  Satellite,  Q-5  and  X-7;  Army  Kingfisher;  Navy 
Polaris  IRBM  and  other  important  research  and  development  programs. 
It  was  honored  at  the  first  National  Mbsile  Industry  Conference  as  “the 
organization  that  contributed  most  in  the  past  year  to  the  development 
of  the  art  of  mbsiles  and  astronautics.’’ 

Responsible,  high-level  positions  are  available  ior  experienced  per- 
sonnel  in  the  following: 

Electronics  B.S.  in  E.E.  or  equivalent,  with  experience  in  one  or 
more  of  the  following:  telemetry;  instrumentation;  radar  and  communi¬ 
cations  including  radio,  radio  telephone  and  high  speed  teletype;  VLR 
trajectory  tracking. 

Flight  Test  Analysis  B.S.  required,  M.S.  preferred,  in  E.E.  or 
M.E.  with  strong  background  in  statistical  math  and  minimum  5  years’ 
experience  in  missile  flight  test  planning  and  analysis,  including  knowl¬ 
edge  of  command  guidance,  structural  evaluation,  destruct  systems  and 
range  safety. 

Flight  Test  Evaluation  Advanced  degree  required  in  A.E., 
M.E.,  E.E.,  physics  or  math  with  minimum  5  years’  experience  in  one 
or  more  of  the  following:  technical  control  of  missile  systems  tests; 
analysis  and  evaluation  of  missile  systems  performance;  preparation  of 
systems  reports;  missile  flight  test  activities  in  blockhouse,  countdown 
and  launching  operational  performance  evaluation.  Liaison  with  the 
military  is  an  important  part  of  these  assignments. 

Flight  Test  Operations  B.S.  in  A.E.,  M.E.  or  E.E.  with  S 
years’  experience  in  missile  flight  test  operations  for  blockhouse,  count¬ 
down  and  launching  activities.  Liaison  with  the  military  is  an  important 
part  of  the  assignment. 

Theoretical  Physics  M.S.  in  physics  required,  Ph.D.  pre¬ 
ferred,  with  experience  in  space  physics,  or  nuclear  physics  applications; 
infrared  and  other  detection  methods,  with  ability  to  evaluate  flight  test 
program  effectiveness. 

■  For  Information  regarding  these  and  other  related  positions, 
please  write:  Research  and  Development  Staff,  Dept.  2211,  962  W.  El 
Camino  Real,  Sunnyvale,  California. 

Loekheeil ! 

MISSILE  SYSTEMS  DIVISION 

SUNNYVAU.  PALO  ALTO.  VAN  NUTS,  SANTA  CRUZ.  VANDENBERO  AFB.  CALIFORNU 
CAPE  CANAVERAL.  FLORIDA  •  ALAM060RD0.  NEW  MEXICO 


rents  up  to  five  times  rated  current. 
It  will  carry  continuous  current  at 
an  ambient  temperature  of  -|-  68  K. 
Models  are  available  with  ratings 
from  0.05  to  25  amperes.  Circle 
554  on  Reader  Service  Card. 


Synchros 

I  pointer  shows  EZ 

C1.1FTON  Prkcision  Products  Co., 
Inc.,  9014  West  Chester  Pike,  Up- 
jxr  Darby,  Pa.  To  aid  the  design 
engineer  in  breadboardiiig  synchro 
systems,  the  company  now  fur¬ 
nishes  synchros  and  resolvers  with 
a  poiriter  visible  through  a  small 
window  at  the  rear  of  the  shaft, 
lire  engineer  can  tell  at  a  glance 
if  his  system  is  properly  phased  by 
watching  rotation  of  the  pointers. 
W'hen  used  with  a  dial,  the  point- 

i  ers  can  also  be  utilized  for  system 
calibration.  The  new  synchros  are 
prosided  with  an  integrally  cut 
gear  on  the  mounting  flange  for 
setting  electrical  zero  while  the 

I  synchro  is  clamped  in  the  system. 
Circle  555  on  Reader  Service  Card. 


Pulse  Generator 
high  speed  unit 

Riitiikrford  Ei-ectronics  Co., 
8944  Lindblade  St.,  Culver  City, 
Calif.  Model  B-7  pulse  generator 
provides  repetition  rates  from  JO 
eps  to  2  me  from  an  internal  oscil¬ 
lator,  pulse  widths  from  0.05  /iscc 
to  1,000  fisec,  and  pulse  delays 
from  0  to  10,000  ^sec.  'ITie  instru- 
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Chopper  Transformers 
meet  MIL-T-27A  specs 

United  Transformer  Corp.,  150 
Varick  St.,  New  York  15,  N.  Y., 
has  added  two  chopper  transform¬ 
ers  to  its  hermetically  scaled  audio 
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ment  may  be  triggered  externally. 
The  output  pulse  has  an  amplitude 
of  50  V  either  positive  or  negative 
into  a  load  of  50  ohms.  The  rise 
and  fall  time  is  0.02  ^sec.  Duty 
factor  of  the  output  pulse  is  25 
percent.  Circle  356  on  Reader 
Sers’ice  Card. 


Perkin  Engineering  Corp.,  545 
Kansas  St.,  El  Segundo,  Calif.,  has 
dcxelopcd  a  24-52  v  at  500  ampere 
magnetic  amplihcr-transistor  regu- 
lited  militarized  d-c  power  supply 
for  missile  ground  support  applica¬ 
tions.  Model  M1154B  has  an  a-c 
input  of  208  v,  ±  10  percent  5 
phase,  60  cs’cle.  Static  regulation 
is  ±:  20  mv  for  lint  changes,  and 
20  mv  for  load  changes  no  load  to 
full  load.  Dynamic  load  regulation 
is  :±:  5  V  for  a  no  load  to  full  load, 
or  full  load  to  no  load  change. 
Ripple  is  less  than  1 50  mv  rms. 


Power  Supply 
for  ground  support 


ALLIEO’S  NEW  APMTIONS  TO  THE 

kH  submiihatuiieJIiii 


TypM  KNJ  mmd  KNY 
GfMniAL  HATURMs 

Dsftu  ^ 

Contact  AiTeoRtwoot— -OPOT  a 

Contact  Rotino— 

low'ltvol  up  to  2  oai|M  at  29  volt;  d-c, 

1  emp  at  113  voitt  o-c  4Q0  rpr  ' 

non-iiidifctlva  or  0.5  amp  Intetivc. 

Ufo— 100,000  MiniaoM  at  125^ 

Abo  ovoiloWo  3  at  29  d-c 

2  omo*  at  115  volb  o-<  400  cpt 
nan-inductlvo  or  1  oiop  indot-  s. 

lif«_100,000  at  3  OMpt  or  500^000 
mlniaiwai  at  2  empt  at  125*C 
Initial  CoRtact 

RotMonen— 04)5  oknif  moxImmi 
Contact  Drop— 1  millivolt  moximani 
at  low  tavol  rotinp,  iniliol  and  d«rla9 
low  Invol  mlM  lost. 

Opoftato  D«H«t 

D-C  Coil  Rocittanco— up  to  104)00  elinta 

Nominal  Rowor — 1.2  wotta 

PiiH-in  ^owor— 240  miiliwatH  (ttandord) 

100  mllliwolb  (tpodoQ 
Oporoto  Tim* — 5  millirocond*  max. 

RoIoom  Tim# — 3  millitocondt  max. 

DIaiactric  Stranftbs 
1000  voHt  rmi  at  too  lovol 
500  voll*  rmt  at  70JIXO  fool 
350  volh  rmc  ot  104)00  foot 
iMoloHaa  Rocistancot 
10,000  mopolimt  minimum  ol  135*C 

ENVMONMillTAI.  FiATINUt 

VibrattoM 

5  lo  10  cp«  ol  0.5  inch  douMo  omplilwda 
10  to  55  cp«  et  0.25  inch  dowMo  omplitadR 
55  to  2000  cpt  at  20  g 

Shocki  100  g’t  oporalionol  •  200  g‘i  nochcmlcel 
Ambiont  Tomporofurot  — d5*C  to  -t'125*C 

MICHANKAL  PIAnmES 

Wofftiti  0.5  ovne* 

TarmiiMb* 

Hookod  SaMor  *  Rtag-ln  •  PrWtad  Clmit 


2  or  4  halo  brockot*  at  bou  or  cootar  ol  gravlly 
1  or  2  studs  on  top  or  tido  of  hoostog 


Allied’s  tyito  KHJ  and 
U  KHY  subminiature  relaTS 
have  a  higher  contact 
rating  than  Allied’s 
original  subminiature 
relay  and  are  designed  to 
meet  the  increased 
vibration  and  shock 
requirements  of  the 
latest  MIL  specs.  In 
addition,  the  type  KHJ 
relay  has  incremental  grid 
spat^  terminals  for 
application  to  “Auto* 
mation”  assembly.  Both  W 
relays  are  available 
with  brackets  for  mounting 
I  interchangeable  with  that 
I  of  Allied’s  type  KH 
subminiature  relay.  _ 


Mll4t.2501l  •  IMl>R.5757e 
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Sampling  Switch 
high-speed  unit 

General  Devices,  Inc.,  Box  25^, 
Princeton,  N.  J.,  has  available  a 
high-speed  sampling  switch  newly 
designed  for  sequential  drift  stabil¬ 
ization  of  up  to  83  high  gain  d-c 
amplifiers.  NIodel  108A  has  two 
jxrles,  170  contacts  per  pole,  or 
85  non-shorting  channels  per  pole 
and  a  remosable  cover  which  per¬ 
mits  easy  inspection  while  in  oper¬ 
ation.  It  is  compact  in  structure, 
being  only  10  in.  wide  by  10.38  in. 
long  by  6.31  in.  high  and  the  en¬ 
tire  assembly  is  made  in  plug-in 
form.  Circle  338  on  Reader  Sen- 
ice  Card. 


line.  Units  fully  meet  MILrT-27A 
specifications  and  are  suited  to 
both  military  and  industrial  appli¬ 
cation.  The  H-290  employs  elec¬ 
trostatic  shielding  and  triple  mag¬ 
netic  shielding,  and  provides  a 
ratio  of  1:6.4  (2,500  ohm  half  pri¬ 
mary  to  100  K  secondary).  The 
U-291  provides  an  additional  20 
db  shielding  and  higher  gain  with 
a  ratio  of  1:25/1215  (2,000/500 
half  primary  to  312  K  secondary). 
I  Units  are  high  reliability  designs 
hermeticilly  sealed  in  drawn  Ilipci- 
j  mallov  cases.  Circle  337  on  Reader 
Service  Card. 


Reference-Amplifier 
combined  package 

Transitron  Electronic  Corp., 

Wakefield,  Mass.  A  new  desice 
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The  hand  can  be  quicker  than  the  eye  with 
Deutsch  DM9700  senes  miniature  push  pull  plugs 
These  master  performers,  with  the  exclusive 
Deutsch  ball-lock  coupling  ring,  simply  push-in 
tor  positive  lock  and  seal ...  pull  back  for  ^ -~- 


instant  disconnect 


Deutsch  miniature  plugs  take  the  guesswork 
out  of  your  application.  Like  magic,  they  withstand 
temperature  extremes  of  from  —67  to  250|  F.;  , 
physical  shocks  up  to  100  G's;  and  are 
unaffected  by  altitude  pressure  variations. 


Inside  the  DM9700  shell  is  the  secret: 

Voltage  Rating  .  .  Flashover  2,500  V  DC  and 

2.000  V  @  60  CPS  (AC  RMS) 

Current . 7.5  amps  @  2  volts  AC 

Contact  Resistance  9.7  millivolts  @  7.5  amps 
Meets  or  exceeds  requirements  of  MIL-C  5015C 


Electrical  wizards^  can  get  the  inside  information 
on  these  3.  7,  12,  19,  27,  37,  and  61  contact 
Deutsch  miniature  plugs  — and  their  stellar 
partners,  the  DM9600  series  miniature  push  pull 
receptacles  and  DM5600  series  miniature 
hermetic  receptacles  — |U5.t  as  quick  as  a  wink. 


Ask  for  data  flM  12B  and  prasto,  you'll  have 


The  Deutsch  Company 


7000  Avalon  Boulevard  •  Lo*  Angeles  3,  Calif. 


154 


CIRCLE  220  READERS  SERVICE  CARD 


combines  in  a  single  package  a 
\’o1tage  reference  (temperature  com¬ 
pensated  zener  diode)  and  an  am¬ 
plifying  transistor.  'ITie  Ref-An>p 
provides  a  combined  temperature 
coefficient  as  low  as  0.002  percent 
per  deg  C  over  a  temperature  range 
of  —55  C  to  -1-100  C.  Regulator 
circuits,  normally  requiring  10  or 
more  components,  may  now  be  de¬ 
signed  w’ith  only  one  transistor,  one 
Ref-Amp,  and  four  resistors.  Circle 
339  on  Reader  Service  Card. 


TRANSISTORIZED 
TUNING  FORK 

FREQUENCY  STANDARDS 


TYPE  MAFC  —  Frequency  Standard 

•  Frequency  Range  Available:  360  cps  to  4  kc 

•  Tolerances  %  ±:  0.2,  0.03,  0.02,  0.01,  0.005*- 

•  Temperature  Ranges:  — 20  to  -3-7 1*C 

—55  to  -»-100*C 
—55  to  -|-125*C 

•  Power  Supply  Voltage:  12  or  28  vdc  15% 

•  Size:  l3i’'xlJi''x21i"  •  Weight;  8  oz. 


Teflon  Tape 

high  stability 

|oci.iN  Mfc.  Co.,  Wallingford, 
Conn.,  announces  a  new  type  of 
Teflon  tape  with  pressure-sensitive 
silicone  adhesive  and  superior 
bondability  and  stability  under  ex¬ 
treme  conditions.  Layer  upon  layer 
of  sub-micron  sized  particles  of 
Teflon  arc  fused  together  to  build 
up  film  thicknesses  from  0.00025 
to  0.005  in.  By  virtue  of  the  mul¬ 
tiple  dipping  process,  the  film  is 
free  from  pinholes  and  blemishes, 
with  new  high  mechanical,  chemi¬ 
cal  and  electrical  properties.  Huoro- 
lin  600  has  many  applications  in 
the  electronic,  aircraft  and  electri¬ 
cal  industries.  Circle  340  on 
Reader  Service  Card. 


Noise  Instrument 
broad  band 

CiiESAPEAKiL  Instrument  Corp., 
Shadysidc,  Md.,  has  developed  the 
IXtcctor-liitegrator  for  use  in  the 
measurement  of  random  noise  over 
tile  range  of  frequencies  from  10 
cps  to  50  kc  with  a  dynamic  range 
of  iK'ttcr  than  50  db.  Linear  opera- 


^  -w  - 


'M 


*  These  telerofices  ere  from 
obselwfc  treqwevKy  ynder 
•  ny  cembtnotieii  of  the 
conditions  within  opcrotmq 
specificotions.  For  specific 
opcrotinq  conditions  much 
I  closer  frequency  toterenccs 
mo^  be  moinloincd. 


TYPE  AFC  —  Fraquency  Standard 

*  Frequency  Range  Available:  360  cps  to  4  kc 

*  luierances  %  0.2,  0.05,  0.02,  0.01,  0.005* 

*  Temperature  Ranges:  — 20  to  4-71 ’C 

—55  to  -1-100*C 
—55  to  -fl25*C 

*  Power  Supply  Voltage:  12  or  28  vdc  15% 

*  Size:  2j^'’x2’/i''x354"  •  Weight:  13  oz. 


TYPE  MAFCD  —  Frequency  Standard 

•  Frequency:  60  cps 

•  Tolerances  %  ±:  0.2,  0.05,  0.02,  0.01,  0.005* 

•  Temperature  Range:  — 55  to -1-71  *C 

•  Wave  Shape:  Sine  w/less  than  1%  harmonic 
distortion 

•  Power  Supply  Voltage:  10  to  14  vdc 

•  Size:  4Hi''z4X/x4}<.''  *  Weight:  4  lbs. 


TYPE  MFB  —  Frequency  Divider 

•  Ratios  Available:  2:1,4:1,5:1,8:1,10:1,16:1 

•  Temperature  Ranges:  — 20  to  4-71  *C 

—55  to  4-100*C 

•  Power  Supply  Voltage:  12  or  28  vdc  :t  15% 

•  Size:  •  Weight:  6  oz. 


TYPE  MFS  —  Frequency  Standard  for 
Laboratory  or  Field 

Type  MFS  is  a  small,  lightweight  frequency 
standard  that  can  replace  units  many  times 
its  size  without  sacrificing  frequency  stability. 
Internal  batteries  and  provisions  for  external 
power  supply  make  the  unit  ideal  for  either 
laboratory  or  field  applications. 

*  Frequency  Ranges  Available:  50  cps  to  4  kc 

*  Frequency  Stability:  2  parts  in  lO'/per  month 

•  Temperature  Range:  — 20to-+-71°C 

•  Size:  3Ji''x5X*'’x5X*"  *  Weight:  2  lbs. 


TYPE  MLS  —  Laboratory  — 

Frequency  Standard 

Type  MLS  is  an  extremely  high  stability  lab¬ 
oratory  frequency  standard.  The  clock  on  the 
panel  facilitates  easy  checking  of  stability. 

*  Frequency  Ranges  Available:  50  cps  to  4  kc 
( Multiple  Taps  Optional ) 

*  Frequency  Stability  Available:  5  parts  in  10’ 

*  Output:  10  watts  at  specified  frequency 

*  Input:  1 1 5  V,  50  cycles  to  400  cycles 

*  Size;  9''xl0"x7''  •  Weight;  15  lbs. 

A  wide  variety  of  units  are  designed  to  comply 
with  the  most  severe  military  specifications. 

Manufactured  by 

ACCURATE  INSTRUMENT  CO. 

2422  BRANARD  ST. 
HOUSTON  6,  TEXAS 
JA  3-2712 
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WE  WANT  WORE  | 

high  level  1 
ehgimeers 

ON  OUR  TEAW 


Southern  Californio 


Small  size 
Reduced  cost 


tion  results  in  output  proportional 
to  average  value  of  input.  Plug-in 
features  make  the  units  well  suited 
to  noise  analysis  systems.  In  gen¬ 
eral,  the  instruments  readily  lend 
themselves  to  applications  where  it 
is  desired  to  produce  an  output 
that  is  an  integral  of  the  input. 
Circle  341  on  Reader  Service  Card. 


Long  life 
Friction  reduction 
Corrosipn  resistance 
Dry  operation 
Non>magnetic  material 


PRECISION 
JEWEL  BEARINGS 
MEAN  BETTER 
INSTRUMENT 
PERFORMANCE 


H-V  Supply 
transistorized 

CoMPONF.N  is  CoRP.,  Dcnville.  N. ). 
M(k1c1  59  tratisistorizcd  miniature 
h-v  supply  operates  from  6  v  d-c  and 
its  outbut  can  be  adjusted  from 
1,000  to  1,500  v  d-c.  It  is  idcallv 
suited  for  use  in  portable  health 
hazard  instrumentation  dcsiccs  re¬ 
quiring  high  voltage  at  low  current 
— such  as  photomultiplier  tubes, 
geiger  mullcr  tubes  and.  other  gas 
filled  detectors.  Circle  342  on 
Reader  Service  Card. 


In  today’s  miniaturized  instru¬ 
mentation  Bird  Sapphire  and  Glass 
Jewel  Bearinics  show  their  unique 
properties  to  best  advanta^i'e  .  .  . 
dry  operation  through  temperature 
extremes  .  .  .  resi.stance  to  corrosion 
fumes  and  liquids  .  .  .  adaptability 
to  special  mounting  arrangements. 

Bird  Complete 

Jewel  ' 

Assemblies 

.  .  .  save  time  ancl 
money,  cut  rejects,  ^///////Mt 
keep  production 
flowing  smoothly.  ^////////^ 
Special  mounting 
techniques  provide 
assemblies  in 
sin’ews  or  bushings 
of  any  style.  ■ 

Bird  Cushion  Jewel  Assemblies 

.  .  .  .  add  shock  pro- 

tection  to  any  in- 
,  strument  for  only 

pennies.  Variable 
•jjjjj*  cushioning  of  sili¬ 

cone  rubber  con- 
f  ^  S»  trols  movemenf, 

^  r.:-  *  eliminates  waste 

r  mSi  due  to  poor  iKar- 

^  ■  j  — -'1  ing  adjustment  in 

‘  ■*  mounting. 

Compared  with  other  types  of  bear¬ 
ings  Bird  Jewels  arc  substantially 
more  economical  and  their  long  life 
expectancy  eliminates  maintenance 
problems. 

NEW  CATALOG  AVAILABLE 

...  a  complHe  deocription  of  proprrtir* 
and  of  jewel  bcarinx!*  for  aircraft, 

electrical  and  timina  instruments,  record¬ 
ers  and  indicators.  Write  for  your  copy. 


S2  MISSILE  GUIDANCE 
AIRBORNE  RADAR 
TELEMnERING 


There  «r<  important  positions  available 
in  these  small,  independent  engineering 
groups  at  Bendix-Pacifk  for  high  level 
engineers  from  senior  grade  and  up. 
Bendix-Pacific  is  particularly  interested 
in  strong,  analytical  engineers  who  have 
the  calibre  and  capabilities  to  advance 
into  systems  engineering  programs. 


Plwase  writ*  W.  C.  Walkwr  your 
quolifieotions  or  fill  in  tho 
coupon  and  mail  if  today. 


Axial  Blower 
for  panel  cooling 

Air  Impeller  Division,  The  Tor- 
ntigton  Mfg.  Co.,  Torrington, 
Conn.  A  series  of  tubeaxial  blower 
units  has  been  designed  specifically 
for  erwling  electronic  panels  in 
computers,  radio  and  tv  broadcast 
units,  military  electronic  equip¬ 
ment,  and  other  comnumications 
systems.  The  basic  blower  unit  is 


W.  C.  Walker,  [ntineering  Empleymcnt  Mfr. 
Pacific  Division,  Bendix  Aviation  Corp. 
IlSOe  Skorman  Way,  Nartk  Hatlywaod,  Calil. 


I  am  interested  in  this  engineering  field. 

1  am  a  graduate  engineer  with _ degi 

i  am  not  a  graduate  engineer  but  have  . 
years  experience. 


Address. 


Serving  Indutfry  With  fim  Jawefi  Since  19 13 
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6  in.  in  overall  diameter,  4  in.  long, 
weighs  16  oz,  and  can  deliver  from 
50  to  160  cfm.  Variations  in  unit 
size  and  air  output  can  be  made, 
and  the  motor  may  be  either  a-c  or 
d-c.  Circle  343  on  Reader  Service 
Card. 


Electric  Motors 

fractional  h-p 

Cartk*  Motor  Co.,  2762A  W, 
George  St.,  Chicago,  Ill.,  announces 
a  new  line  of  Ecliptic  precision 
built  fractional  h-p  electric  motors. 
ITics-  arc  made  in  a  dozen  or  more 
models  of  1 '  1 ,000  to  i  h-p  ca¬ 
pacity.  Sizes  range  upwards  from 
H  in.  diameter,  2}  in.  lengths, 
and  weights  from  7  oz  up.  Circle 
344  on  Reader  Service  Card. 


Coax  Bar  Hybrid 
for  broadband  use 

Bogart  Mrc.  Corp.,  315  Siegel 
St.,  Brooklyn  6,  N.  Y.  Model 
NL5805  is  a  highly  versatile  com¬ 
ponent  used  as  a  power  splitter  for 
broadband  (900-1,500  me)  aircraft 
antenna  applications.  Power  ap¬ 
plied  to  one  arm  (transmitter),  will 
divide  equally  between  two  other 
arms  matched  to  50  ohms  or  other¬ 
wise  having  the  same  degree  of  mis¬ 
match.  If  the  output  arms  both 
have  vswr  values  of  2/1,  they  would 
then  receive  equivalent  power  re- 


PRESENT 

SUBSCRIBERS 

—  Please  Note! 


This  subscription  coupon  is  for  NEW  subscrib¬ 
ers.  It  is  not  intended  as  a  renewal  notice.  If 
you  are  already  personally  subscribing,  we 
shall  appreciate  your  passing  the  form  to  one 
of  your  associates.  Thank  you. 

Mail  Haply  to:  AAcGraw-Hill  Pub.  Co.,  Elec¬ 
tronics,  330  W.  42nd  St.,  N.  Y.  36,  N.  Y. 
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Foraign  Rotat  (1  yaor)  Canada  $J0,  Othar  Foraign  $20 


Mi&M  APH  </2  POT 


27u«  new  APH  ^  Hermetical  Seal  Precision  Potentiometer 
has  been  proven  by  Mass  Spectrometer y 
**Radiflo**  and  other  rigid  leak  detection  tests. 


gardlcss  of  the  pliasc  of  the  mis¬ 
match,  since  one  of  the  properties 
of  this  hybrid  is  that  isolation  exists 
between  opposite  arms.  The  fourth 
arm  of  the  hybrid  is  terminated  m 
a  matched  load.  Circle  T45  on 
Reader  Sers  icc  Card. 


Shaft  Converter 
analog-to-digital 

Data  Instrumknis  Division  of 
Telecomputing  Corp.,  128sS  Sati- 
coy  St.,  N.  Hollyworxl,  Calif.  .\ 
new  low-friction  analog-to-digital 
shaft  converter  provides  direction- 
sensing  combined  with  high  rate  of 
pulse  output.  'Hie  accurate,  shaft 
rotation  measuring  device  consists 
of  a  magnetic  reading  head,  and  a 
group  of  associated  equipment 
which  provides  for  a  choice  of  out¬ 
put  options.  The  conserter  shows 
j  change  in  shaft  position  as  a  series 
I  of  pulses  which  accuratclv  define 
position  of  the  input  shaft.  It  also 
1  indicates  the  direction  of  shaft 
rotation.  Pulse  rates  as  high  as 
1  60,000  per  sec  may  be  obtained. 

I  Circle  ^46  on  Reader  Service  Card. 


Why  pay  extra  for  epoxy  encapsula¬ 
tion,  when  Waters  seals  both  ends  of 
the  APH  M  so  tisrht  that  leakage  is 
reduced  as  close  to  zero  as  you  need. 
Its  “O”  ring  shaft  seal  dams  out 
moisture  and  salt  spray.  Its  glass-to~ 
metal  seal  minimizes  leakage  at  the 
terminal  lu^.  Its  pre-tint^  flange 
eases  air-tight  soldering  into  the 
panel. 

It’s  a  “hot”  pot,  too!  APH  M  derates 
to  zero  watts  at  150*C.  1%  watts 
may  be  dissipated  at  125*C.  ...  4 
watts  at  80*  C. 


Resisunce  range  is  from  Vi  to  100,000 
ohms  with  a  tolerance  of  ±5%. 
Linearity  tolerance  is  ±3%  .  .  .  tighter 
on  request. 

Meets  military  .specifiralionsi  MIL-E- 
.5272A,  MIL-R-IO,  MIL-STD-202  and 
others  as  applicable.  — 

Bulletin  APH  Vi 

gives  you  complete 

details  about  stand-  r>  ...J 

ard  and  optional  '  'f 

electrical  and  me-  - 

chanical  specifica- 

tions.  Write :  ? 


MANUFACTURING.  INC. 


^  BOSTON  POST  ROAD,  WAYLAND,  MASSACHUSEHS 


Potentiometer 
smaller  than  dime 

Ci.AROSi  Ai  Mfc.  Co.,  Inc.,  Dover, 
N.  H.  Series  44  carbon  potenti¬ 
ometer  is  rated  at  0.2  w.  It  is  in¬ 
tended  primarily  for  space-saving 
assemblies,  particularly  transistor¬ 
ized  circuits,  portable  radios,  hear¬ 
ing  aids  and  so  on.  It  measures 
only  21/32  in.  brxly  diameter,  by 
23/64  in.  deep,  plus  mounting 
bushing  and  i  in.  long  shaft. 
Standard  ohmages  of  25  K  and  500 
K  with  W  tapicrs,  but  also  in  200 
ohms  to  5  megohms  linear,  and 
1,500  ohms  to  2.5  megohms 
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ACTUAL  SIZE 
W”  dio.  a  I  S/32 


Secondary  Standard 
portable  unit 


\\  lANCKo  Knginkkrinc  Co..  2S> 
No.  Halstead  .\vc..  Pasadena,  Calif. 
A  new  portable  seeondary  standard 
f\pe  HOI  for  calibration  and 
direct  parameter  measurement  is 
nou  available.  Interchangeable  plug¬ 
in  units,  accommodating  gage, 
differential,  and  absolute  prc-ssiircs, 
prosidc  an  overall  accuracy  of  0.0s 
percent  for  ranges  up  to  2.S00  psig. 
psid,  or  psia.  Used  with  a  remote 
pickup,  it  provides  a  single-channel 
f-iii  system,  since  it  incorporates  a 
precision  f-m  oscillator  and  an  inte¬ 
gral  power  supply.  Circle  348  on 
Reader  Service  Card. 


Time-Delay  Relay 
fixed  or  adjustable 


Hr.iNEMANN  Electric  Co.,  391 
Plum  St.,  'I  renton  2,  N.  |.,  has  de¬ 
veloped  a  transistorized  time-delay 
relay  which  employs  a  fully  elec¬ 
tronic  timing  system  to  achieve  fast 
switching  action,  instantaneous  re¬ 
set,  high  timing  accuracy,  and  full 
reproducibility  of  the  time-delay 
period  even  during  rapid  recycling. 
Called  the  Trans-O-Nctic.  the 


New  solvents  by  Du  Pont  clean  with  minimum 
effects  to  elastomer  and  plastic  parts 


Now  you  can  protect  delicate,  costly  parts 
during  cleaning  operations  by  using 


Chart  below  compares  linear  swell  of 
some  commonly  used  plastics  and  elas- 


‘Freon”  solvents.  For  safe  cleaning  of  tomers  due  to  “Freon”  with  that  caused 


precision  parts  and  instruments, 
Du  Font’s  new  “Freon”  solvents  remove 
oil  and  grease,  yet  show  minimum  effects 
on  elastomeric  and  plastic  materials. 


by  other  solvents.  “Freon”  cleans  effec¬ 
tively,  yet  is  noncorrosive  without  in¬ 
hibitors,  nonflammable,  and  much  less 
toxic  than  ordinary  solvents. 


PERCENT  IMEAR'SWat  IN  VARIOUS  SOLVENTS  (100  HRS.  «  130°F.) 


ELASTOMERS 


NEOftENE  WRT 


“PrMi'’-TF 
•‘frew'-MF 
Carim  letrKMariiie 
TricMiire%lene 
Inhiiiitd  Methyi  CMoroforni 


oa-s 

_ 

* 

■'  * 

PLASTICS 


UNEAI  POlYETimENE 


“Frwi’’-TF 
•Pwii'-lllf 
Caftoi  letncMoride 
Triclili)retF.yiaK 
InlRtiited  Methyl  Chloroform 


NOTE:  Swelling  would  be  approximately  nil  in  all  caiea  xrith  “Freon” lolvents  at  their  boiling  points.  Swell¬ 
ing  would  be  cooiiderably  greater  with  all  other  solvents  at  their  boiling  points. 


Freoat  solvents  minimize  cleaning  haz¬ 
ards.  These  new  solvents  by  Du  Pont  offer 
outstanding  safety  for  men  and  equipment. 
“Freon”  is  much  less  toxic  than  ordinary 
solvents — will  not  burn  or  explode.  “Freon" 
is  noncorrosive  without  inhibitors — is  ex¬ 
ceptionally  stable  even  in  the  presence  of 
oils  and  water.  “Freon”  solvents  are  suit¬ 
able  for  a  wide  range  of  uses  where  ordinary 
solvents  create  problems  of  corrosion  or 
damage  to  plastics,  paint  and  elastomers. 


For  your  free  copy  of  Du  Font's  booklet 
describing  the  unique  properties  of  “Freon” 
solvents,  mail  the  coupon  or  write:  E.  1. 
du  Pont  de  Nemours  A  Co.  (Inc.),  "Freon” 
Products  Division  52 12, Wilmington  98,  Del. 


tomers.  mttci  things  foe  settee  j  ving...thiioogh  CHEN/sriY 

fFim  •  Da  PMft  r«cMw«E  IrUiwirli  Iw  «•  HmtimUmt  hyEracwkwi  wtowitt. 


f 

Mail  coupon  for  your  free  copy 
of  bookiM  deKribing  proper- 
ties  of  “Freon”  lolvenu . .  . 
Uiere’f  no  obligation. 


E.  I.  du  Pont  de  Nemours  &  Co.  (Inc.) 

“Freon”  Products  Division  52 12, Wilmington  98,  Del. 

Please  send  me  your  free  booklet  describing  the  unique 
properties  of“Freon”  solvents  for  precision-parts  cleaning. 

Name _ Position 

Company 

Address. _ _ 

City _ Zone _ State _ 
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PRECISION 

DEFLECTION 


WITH 


COMPONENTS  DIVISION 


CANADA  LIMITED 


J-V-M  MICROWAVE  COMPANY 


301  Windsor  Sc,  Halifax.  N.  S. 

8230  Mayrand  Sc.  Montreal,  Que. 

648A  Yonge  St.,  Toronto,  Ont. 

Corporation  House,  160  Laurier  West.  Ottawa.  Ont. 


new  relay  uses  a  transistorized  eon- 
trol  eireuit  and  a  speeially  designed 
R-C  network.  It  is  available  with 
either  a  6xed  or  adjustable  time 
delay  period  of  from  1.5  to  30  sec. 
Standard  delav  periods  are  1.5,  5. 
10,  15,  20  and  30  sec.  Circle  349 
on  Reader  Service  Card. 


5itp  Ki»fl  Tabs 

T»a.AaU  Haad  Taha 

Component  Development 
Engineering  at  its  BEST  I 

.  •  AOVANCZZ)  ELECTRICAL  DESIGN 
•  PRECISION  MECHANICAL  DESIGN 
•  ACCURATE  PRODUCTION  METHODS 


fg  j  Circularly  Polar* 
*  I  X-Band  Ridge 

3||||^B||^  Guide  Antenna 
manufactured  to 
specification  and 
tested  for  pattern,  ellipticity  and 
VSWR  before  delivery. 


Cuftom  Built  to  tha  moat 
Ex  Spociftcationa 

by  Coaaor  Enginoora 

la  MumstAl  Corea  iar  Optimem  Oeawiami 
la  rsfTite  Carea  lor  lyaai  ea4  Saaalttrlty 

ta  Kgr.  -  Cersa  Iar  Fsalaatlaa  mi  lUopaaae 


Program  Timer 
relay  rack  housing 

G.  C.  Wilson  &  Co.,  1915  Eighth 
Ave.,  Huntington,  W.  Va.,  an¬ 
nounces  a  new  program  timer. 
Upion  initiation  bv  a  momentary 
contact  closure,  a  scries  of  pulses 
(contact  closures)  occur.  Any  num¬ 
ber  of  pulses  from  1  to  30  may  be 
selected  by  means  of  the  controls, 
and  the  duration  of  the  pulses,  as 
well  as  the  spacing  between  pulses, 
can  be  adjusted  from  0.1  to  10  sec. 
Glow-  transfer  tubes  indicate  the 
progress  of  the  sequence.  Circle 
350  on  Reader  Service  Card. 


^  4  Any  ^  CoMor**  Three  Core  Typee  can  be 
made  in  or  double  axta  wUb  aln^e  or 

poeb'puU  and  encapsulated  for 

rii^  or  ring  (rotating)  use. 


S-Band  Broad  Band 
Coaxioi  To  Wave  Guide  Adapter. 
VSWR  1.3  to  I,  from  2250  to  4000 
me.  One  of  many  modificatiorM  avail¬ 
able,  tbit  unit  mate*  with  RG-48/E 
Wove  Guide  and  UG-532A/U 
Connector. 


J-V-M  Microwave  Company 
can  supply  any  type  micro- 
wave  component,  including  the 
most  complex  assemblies.  All 
units  are  manufactured  to  your 
specifications  and  are  delivered 
fully  tested  to  the  require¬ 
ments  of  the  particular  appli¬ 
cation.  Every  possible  measure 
is  taken  to  insure  optimum 
performance:  close  coordina¬ 
tion  from  blue  print  to  instal¬ 
lation. ..availability  of  our 
complete  engineering  facilities 
...personal  assistance  by  our 
experienced  staff  of  microwave 
specialists. 

Ask  us  for  information  and/ 
or  quotations  on  any  micro- 
wave  component.  Let  us  prove 
that  we  can  give  you  100  per¬ 
cent  satisfaction,  plua  time  and 
cost  savings.  Request  catalog 
on  our  full  line 
of  standard 


Cocupictc  «rK7>rsc!-^ioo  te  epoxy  (etycast)  or 
•ilieoae  reaoe  io  ttaruterd  for  oU  Coeeor  dcfloctioo 
yokes,  aod  ie  with  opcciol  mooldtnf  tools 

wunritig  accurate  ellgnnrnrt  of  the  yoke  axie.  When 
•bp  riDgi  art  added,  tUver  ringi  are  roouated 
ka  eneapaulattag  reein  The  fmiehed  elip  ring  yoke 
m  predeioo  turned  to  centre  bore,  and  caa  iiBclude 
baaring  -mousting  •orfacee  with  diinenau)cial  tolcr> 
ante*  approaebittc  dkoar  jble  with  high  quality 
asetal  part*. 


•  millUwMtae 
*  Aee*l«e«t^  Voltage  •  k9 


Circuit  Analyzer 
shockproof  unit 

Dn-Mco  Inc.,  911  Broadway,  Kan¬ 
sas  City  5,  Mo.  'lire  AN/USM-88 
analyzer  will  accurately  and  auto¬ 
matically  test  every  typ>e  of  com¬ 
plex,  multiple,  interconnected  cir¬ 
cuitry  for  shorts,  continuity  and 
insulation  flaws  and  also  will  func- 


9303  W.  4rrH  ST.  •  BROOKFIELD,  ILL. 
PlMiwt  HUfMw  5-2000  TWX:  OflrfMIA  M.  27M* 
ENGINEERS  AND  BUILDERS  OF  ALL 
TYPES  OF  MICROWAVE  COMPONENTS 
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tionally  test  relays,  solenoids,  actua¬ 
tors  and  other  resistive  devices. 
ITris  is  done  at  the  rate  of  ap¬ 
proximately  10  circuits  per  sec.  In¬ 
fects  are  located  and  identified 
instantly  by  means  of  a  sisible 
matrix  type  reference  chart.  Circuit 
testing  capacity  is  H-1  circuits. 
Circle  3  5 1  on  Reader  Sersice  Card. 


Slotted  Line 
low  vswr 

.\iKORD  .\Ifg.  Co.,  299  Atlantic 
Ave.,  Boston  10.  Mass.  Type  1026 
slotted  line  has  a  residual  vswr 
under  1.01,  and  a  rated  error  in 
detected  signal  under  1.003.  Im¬ 
portant  surfaces  on  the  outer  con¬ 
ductor  arc  hand  scraped  to  fine 
tolerance.  TTic  inner  conductor  is 
supfxrrtcd  by  compensated  dielec¬ 
tric  pins.  Tvpe  1026  is  furnished  in 
lengths  of  20,  -10,  60.  80.  and  1 30 
in.;  it  is  available  in  standard  char¬ 
acteristic  impedances  of  30.0  and 
75.0  ohms.  Circle  352  on  Reader 
Service  Card. 


Transistor  Timer 
high  accuracy 

Automatic  Timing  &  Controi.s, 
Inc.,  King  of  Prussia.  Pa.,  an¬ 
nounces  a  transistorized  time  delay 
relay  for  intervals  from  50  milliscc 
to  4.0  minutes  for  operation  from 
external  power  supply  of  40  v  to 
60  V,  d-c  at  0.050  ma  maximum. 
Temperature  range  is  —60  C  to 


MEET  MIL  SPEC  E4970 


Meeting  military  specifications  is  prac¬ 
tically  an  everyday  occurrence  at  Raytheon* 
But  each  one  has  a  -special  interest. 

We  thought  you  might  be  interested  in  how 
a  magnetic-amplifier  regulator  met  MIL 
SPEC  E4970.  The  details  are  available  to 
the  more  academically  inclined.  We  will 
simply  relate  the  results: 

Service:  400  cycles 

Power:  900  watts 

Input :  95  to  125  volts 

Output:  115  volts 

Haraonic  distortion:  :^3% 


The  next  time  you  have  to  meet  military  or 
your  own  rigid  specifications,  we’ll  be 
happy  to  go  along. 


Our  slide  rule  and 
tuxedo  are  ready  at  a 
moment's  notice. 
Simply  contact : 


VOLTAGE  REGULATOR  I4AN 
Raytheon  Manufacturing  Company 
Magnetic  Components  Department 
Section  6120 

Waltham  54,  Massachusetts 


RAYTHEON 


Excellence  in  Electronics 
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featuring  the  unique  _ 

Amperex*  H 


. . .  the  world*8  most  modern 
broadband  amplifier  pentode 


a  RELIABLE  premium-quality  tube 
for  military  systems  requirements 
and  exacting  industrial  applications 


completely  ruggedized 
construction 

figure  of  merit  of  250  Me  as 
broadband  amplifier 
saves  entire  stages  in  IF  and 
video  amplifiers 
improves  signal-to-noise  ratio 
preferred  for  new  equipment 
design,  particularly  airborne 
applications 
long-life  cathode 


* 


IVs  the 

FRAME  GRID  CONSTRUCTION 

that  makes  the  difference! 

Tlie  frame  grid  ia  the  doeeat  ap¬ 
proach  to  the  ideal  “phyddst’s 
grid”—  the  grid  with  cmly  dectri- 
cal  diaracteristics  but  no  ph3rsical 
dimensions. 

It  r*»ult»  in: 

a  higher  tranaconductance 
a  tighter  Gm  and  plate  current 
tolerance 

a  low  transit  time 
a  low  capacitances 
a  lower  microphonics 
a  rugged  construction 


TYPICAL  OPERATION 

Plata  Supply  VoHaga . 190  volt* 

Grid  Supipily  Vottaga . 4-9  volts 

Cathode  Bias  Resistor . 630  ohms 

Plate  Current  . 13  ma 

Transconductance  . 16.500  amhos 

(min.  14,2()0:  max.  18,800) 

Amplification  Factor . 50 

Equivalent  Noise  Resistance 

460  ohms 

Grid  Vottace  (rms)  . 0.5  volt 


Amp*e*x  FRAME  GRID 


The  srid-to-cathode 
spaemg  tolerance  is 
determined  by  the 
carefully  controlled 
diameter  of  grid  sup¬ 
port  rods  (center-less 
ground)  and  by  frame 
crossbrsces  between  these  rods. 
Extremely  fine  grid  wire  ellminatee 
the  ‘‘Mend  effe^'  usuelly  encoun¬ 
tered  in  conventional  tubas  with 
equally  close  grid-to-cathode  spacing. 
Rigid  support  of  fine  wires  reduces 
mechanical  resonance  and  micro- 
phonlca  in  the  grid. 


CONVENTIONAL  GRID 
Grid-to-cathode  spacing  toler¬ 
ance  depertds  on  accuracy  of 
grid  dimension,  obtained  by 
stretching  on  a  mandrel,  and  on 
tolerattces  of  holes  In  top  and 
bottom  mica  rod  supports.  Diam¬ 
eter  of  grid  wire  must  be  large 
enough  to  be  self-supportlr«g. 


i 


Other  Ampwrwx  Premium  Quality  (PQ) 
frame  grid  tubes  available  in  production  ' 
quantities; 

5847 . broadband  amplifier  pentode 

6922 . ruuedized  high-gain  twin  triode 

plwt  erher  PQ  and  hamt  grid  lubni  far  qweiaf  ralia- 
iilHf  nguiramanti  and  anotting  indutteiol  agpticaliont 


mmA  Amporox 

about 

pramlum^qumllty  taboo 
tor 

apoelal  rollabllltf  roqalromoata 


SeiHlcendwcter  end  Special  Purpete  Tube  Olvlilee 
AMPEREX  ELECTRONIC  CORF. 

230  Duffy  Avenue,  Hicktvilla,  L.  I..  N.  X 


-1-100  C.  Accuracy  is  ±4  percent 
over  a  supply  voltage  variation  of 
rtIO  V  d-e.  Repeatable  accuracy  is 
better  than  1  jxrrccnt  for  any  time 
CL’cle.  Circle  353  on  Reader  Serv¬ 
ice  Card. 


Servo  Amplifier 

panel-mounted 

Sterling  Precision  Corp.,  17 
Matinccfxk  Ave.,  Port  Washington, 
N.  Y.  Model  T861  servo  amplifier 
is  a  panel-mounted  self-contained 
module  for  driving  turntable  scr\o 
motor  or  motor  generator.  It  has 
provision  for  tachometer  damping 
besides  straight  proportional  single 
channel.  Provision  is  made  for  add¬ 
ing  one  or  more  channels  for  car¬ 
rier  or  d-c  lead  and  lag  loop  com¬ 
pensation.  Circle  354  on  Reader 
Sers'ice  Card. 


Mercury  Switch 
capsule-size 

Micro  Switch,  Freeport,  Ill.,  has 
available  a  capsule-size  mercury 
switch  that  weighs  only  1.8  grams 
with  leads  attached.  'Ibe  tiny 
switch,  which  is  claimed  to  offer 
sensitive,  trouble-free  operation,  is 
designed  for  use  in  computers, 
scales,  electronic  organs  and  other 
desices  where  a  minimum  of  op¬ 
erating  energy  is  available  and  space 
is  limited.  'ITit  low  shift  of  mass 
involved  in  actuation  facilitates 
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gang-mounted  assemblies.  The 
switch,  designated  AS419A1,  may 
be  mounted  in  any  position 
through  360  deg  around  its  longi¬ 
tudinal  axis.  It  may  be  actuated 
by  slow,  snap  or  fast-tilting  action. 
Circle  353  on  Reader  Service  Card. 


Silicon  Rectifier 
axial  lead 

TR.\NSrrRON  F.i.f.c Tronic  Corp.„ 
W'akcficld.  Mass.  A  new  h-v  silicon 
rectifier  series  has  operating  char¬ 
acteristics  up  to  1,500  V  and  100 
ma  at  1 50  C  ambient  temperature. 
'ITie  S1.715  (100  ma)  and  SL615 
(50  ma)  arc  high  temperature 
rectifiers  combining  very  high  volt¬ 
age  and  current  ratings  with  the 
convenience  of  axial  lead  mounting. 
I’his  dexice  may  be  used  in  power 
supplies  for  magnetrons,  klystrons, 
electronic  precipitators  and  other 
applications  requiring  600  v  output 
or  higher.  Circle  356  on  Reader 
Service  Card. 


Coax  Lobing  Switch 
miniaturized 

Thompson  PRontrcTS,  Inc.,  23555 
Euclid  Avc.,  Cleveland  17,  Ohio, 
announces  model  D18H2GA  min¬ 
iature  coaxial  lobing  switch.  Fre¬ 
quency  range  is  1,020-1,100  me; 


1 


expecting 

a 

check? 


You'll  get  it  quicker  if  you  gave  your 
postal  delivery  zone  number  with 
your  address. 

The  Post  Office  has  divided  106  cities 
into  postal  delivery  zones  to  speed 
mail  delivery. 

Be  sure  to  include  zone  number  when 
writing  to  these  cities;  be  sure  to  in¬ 
clude  your  zone  number  in  your  re¬ 
turn  address — after  the  city,  before 
the  state. 
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Looking 
for  the  right 
resistor? 


you  can  find  it 
in  this  catalog... 


...along  with  everything  you’ll 
want  to  know  about  the  com¬ 
plete  standard  line  of  Speer 
Resistor  Products  -  specifica¬ 
tions,  characteristics  and 
applications : 

•  RxmI  Cempotitien  RMittert 

•  riiMielk  Coil  Form 

•  Iron  Coil  Form 

Be  sure  to  send  for  your  copy 
today. 

Ollior  Spoor  Prodortt 
for  Mio  Elortronict  Indotlry 
onodot  •  contact!  •  fixod  carbon  rotiitort 

coil  forms  •  discs  •  brushos  •  bottory 
carbon  •  graph  ito  plotos  and  rods 
also  R.  F.  coils  •  fixod  composition  capo* 
citors  •  chokos  modo  by  Joffors  floctronics 


SPEER  RESISTOR  DIVISION 
SPEER  CARSON  COMPANY 
Bradford.  Ponnsylvonlo 


Send  copy  of  the  Speer  Resistor  CoUlog. 


Compony. 

AddroM— 
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input  vswr,  1.2  to  1  maximum; 
crosstalk,  21  db;  insertion  loss,  1  db 
maximum;  switching  rate,  20  cps 
(can  be  built  for  other  switching 
rates).  Unit  measures  5S  in.  wide 
by  31  in,  high  by  4|  in.  deep. 
Weight  is  21  lb  maximum.  Life 
is  1,000  hr.  Circle  357  on  Reader 
Ser>'ice  Card. 


D-C  Control  Motor 
rugged  unit 

Rotron  Controls  Corp.,  Wood- 
stock,  N.  Y.,  announces  an  indus¬ 
trial  d-c  control  motor  constructed 
to  withstand  extra-severe  service 
and  abuse  in  adverse  environmental 
conditions.  It  is  designed  as  a 
building  block  for  incorpioration  in 
control  equipment  and  is  asailablc 
with  an  integral  tachometer  gen¬ 
erator  giving  a  0  to  5  ma  output 
signal  linearly  proportional  to  its 
speed.  Circle  358  on  Reader  Service 
Card. 


Itssst' 

Itttlt 


Transistor  Tester 
high-speed  machine 

Eder  Engineering  Co.,  1 568  S. 
First  St.,  Milwaukee  4,  Wise. 
Model  2675,  designed  for  auto¬ 
matic  grading  and  sorting  of  tran¬ 
sistors,  handles  up  to  1,200  units 
per  hr.  It  makes  eight  different 
tests  of  any  one  transistor  tyjx: 


AN  INVITATION 
TO  JOIN  ORO 

Pioneer  In 

Operations  Research 


Operations  Research  is  a  young 
Kiencx,  earning  recognition  rapidly 
u  a  significant  aid  to  decision-mak¬ 
ing.  It  employs  the  services  of 
mathematicians,  physicists,  econo¬ 
mists,  engineers,  political  scientists, 
psychologists,  and  others  working 
on  teams  to  synthesize  all  phases  of 
a  problem. 

At  ORO,  a  civilian  and  non¬ 
governmental  ormnization,  you 
will  become  one  of  a  team  assigned 
to  vital  military  problems  in  the 
area  of  tactics,  strategy,  logistics, 
weapons  systems  analysis  and 
communications. 

No  other  Operations  Research 
organization  has  the  broad  expe¬ 
rience  of  ORO.  Founded  in  1948  by 
Dr.  Ellis  A.  Johnson,  pioneer  of 
U.  S.  Opsearch,  ORO’s  research 
findings  have  influenced  decision¬ 
making  on  the  highest  military 
levels. 

ORO’s  professional  atmosphere 
encourat^  those  with  initiative  and 
imagination  to  broaden  their  scien¬ 
tific  capabilities.  For  example,  staff 
members  are  taught  to  “program” 
their  own  material  for  the  Univac 
computer  so  that  they  can  use  its 
services  at  any  time  they  so  desire. 

ORO  starting  salaries  are  com¬ 
petitive  with  those  of  industry  and 
other  private  research  organiza¬ 
tions.  Promotions  arc  based  solely 
on  merit.  The  “fringe”  benefits 
offered  are  ahead  of  those  given 
by  many  companies. 

The  cultural  and  historical  fea¬ 
tures  which  attract  vuitors  to 
Washington,  D.  C.  arc  but  a  short 
drive  from  the  pleasant  Bethesda 
suburb  in  which  ORO  is  located. 
Attractive  homes  and  apartriKnts 
arc  within  walking  distance  and 
readily  available  in  all  price  ranges. 
Schools  are  excellent. 


For  furHmr  Uormatioit  svHfo; 
Fro/ossioMW  AffioASmsxrs 

OPERATIONS  RESEARCH 
OFFICE  S 

The  Johns  Hopkins  University 

OeaS  ARLINGTON  ROAD 
BETHESDA  14,  MARYLAND 
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T^V.'Sa 


UNIFORMS 


Need  Lmt-Free 
Acid-Resistant 
Synthetic 
■  Uniforms? 


"VN^iydoit 
lS>Tjrse]f  *? 


and  is  fail-safe  in  operation.  Tlie 
tester  is  hand-fed  by  a  single  un¬ 
skilled  operator,  has  automatic  un¬ 
load,  and  delivers  the  transistors 
into  either  accept  or  reject  classifi¬ 
cation.  It  features  a  patchboard 
prograniining  system,  permitting 
the  selection  of  any  type  d-c  test 
and  sequence.  All  test  stations  may 
be  used  individually  or  combined 
for  a  wide  saricty  of  d-c  parameters. 
Circle  359  on  Reader  Service  Card. 


Angelica  “engineers" 
your  uniform  problems 


It  Pays  to 
Standardize  on 


GOWNS  COVERALLS 
CAPS  SHIRTS 
HOOOS  TROUSERS 
SOOTS  DRESSES 
GLOVES  SMOCKS 


Choke  Coils 


Microwave  Analyzer 
wide  dispersion 

Pui.ARAD  KlECIRONICS  CoRP.,  -fs- 

20  3-4th  St.,  Long  Island  Citv  1. 
N.  Y.  Model  'I'SA-W  microwaxe 
analyzer  permits  complete  \isual 
analysis  of  extremely  narrow  to 
extremely  wide  microwave  pulsed 
signals  in  the  frequenev  range  10 
to  44,000  me.  For  analvsis  of 
pulses  as  short  as  0.1  ftsec,  the 
analyzer  prosides  frequency  dis¬ 
persion  up  to  70  me.  For  wide  pulse 
analysis,  the  instrument  provides 
a  narrower  displas  bandwidth 
with  extremely  high  resolution 
(7  kc).  Circle  360  on  Reader  Serv¬ 
ice  Card. 


You  can  save  time,  labor,  and 
monc^  by  stocking  the  wide  range 
of  Jeffers  K.F.  choke  coils  just  as 
you  do  resistors,  capacitors,  and 
other  similar  components.  You  can 
forget  tedious,  expensive  hand 
assembly  from  miscellaneous 
forms,  svires,  and  coatings  by  using 
standardized  Jeffers  coils,  com¬ 
pletely  assembled  for  use. 

Jeffers  coils  are  svell  made,  using 
insulated  copper  svire  svindings . . . 
husky  molded  jackets.  All  svindings 
are  soldered  to  leads . . .  shorted  end 
turns  are  completely  eliminated. 

Put  these  advantages  to  wt^k  in 
your  circuits!  Jeffers  Electronics 
offers  you  .  .  .  ready  for  delivery 
...  a  complete  line  of  R.F.  choke 
coils  svith  a  complete  range  of 
inductance  values.  Write  today  for 
our  specification  sheets. 

Olkar  Pr»a»cti 

I  RxMi  comootition  capacitor* 

OHior  Spoor  Proaoct* 
for  llio  Eloctrook*  Indoslry 
onodo*  •  contact*  •  roiittor* 

'  ditci  •  brwtho*  •  moMod  notched*  eoil  form* 
I  bottory  carbon  •  grophito  plot**  and  rod* 

0*Pat*nt*d 

.MFFERS  ELECTRONICS 
DIVISION 

SPEER  CARaON  COMPANY 
Ou  Sols.  P*nn*ylvania 

)  Other  Spoor  Ohriiioa*: 

I  Spoor  RotUtor,  Spoor  Carbon  Product*, 
Intornotional  Grophita  A  Electrode 


Angelica  haa  worked 
with  hundreds  of 
electronic  parts 
manufacturers, 
“engineering”  their 
lint  or  acid  prob¬ 
lem.  Angelica,  the 
world’s  largest 
manufacturer  of 
washable  uniforms, 
has  sales  represent¬ 
atives  in  all  major 
cities,  trained  to 
discuss  your  prob¬ 
lems,  to  assure  you 
of  getting  uniforms 
that  meet  your  spe¬ 
cific  needs. 

Write  or  call  the 
nearest  Angelica 
Regional  Sales 
Office  today. 


Servo  Motors 
wide  variety 

Servo  Dynamics  Corp.,  Somers- 
worth,  N.  H.,  announces  a  com¬ 
plete  line  of  miniature  precision 
servo  a-c  motors  of  60  and  400  cps 
in  the  frame  sizes  8,  10,  11,  15,  18 
and  23.  'Fhc  line  includes  damping 
generators,  inertia  damped  motors, 
precision  tachometer  generators. 


107  OUVE  ST..  ST.  lOUIS  3,  M*. 

107  W.  4Mi  n..  NEW  YORK  M,  N.  V. 

177  N.  MICHIOAN  ASTE.,  CMCAOO  I,  Kl. 

110  W  llrti  ST.,  LOS  ANOEIES  IS.  CAUP. 
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THE  NEW  ACME  3-PART  MIXTURE 
FOR  IMPREGNATING  AND  MOLDING 
ALL  ELECTRICAL  WINDINGS 

Now — an  epoxy  mixture  that  comes  complete  ready  to 
mix  and  use.  Nothing  else  to  buy.  Yet  the  cost  is  less 
than  what  is  usually  charged  elsewhere  for  the  resin 
alone!  That’s  Acme  Star  Compound  #4027. 

This  remarkable  mixture  is  immediately  self-extin¬ 
guishing,  even  after  repeated  exposures  to  open  flame. 
Cures  hard  and  tough.  Has  excellent  mechanical  and  ther¬ 
mal  shock  resistance.  Viscosity  low  enough  for  thorough 
impregnation  at  process  temperatures.  Very  good  adhe¬ 
sion  to  metals  and  other  materials  used  in  coil  construc¬ 
tion.  For  data  sheets,  address  your  inquiry  attention  of 
G.  F.  Garrity,  Divisional  Sales  Manager. 


THE  ACME  WIRE  COMPANY 

NEW  HAVEN,  CONN. 

MAGNET  WISE  •  COILS  •  VARNISHED  INSULATIONS 
INSULATING  VARNISHES  AND  COMPOUNDS 


»••••••••••••••••••••••••••••••••••••••••••••••••••••••« 
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NEW!  ENGRAVED 
Deep-Kut 

Plii  1  PEG  STAMPS 

are  better  than 
ordinary  rul^r 
3  ways . 


*  ENGRAVED  DMp-Kwt  it  Acid-Proof 


^  ENGRAVED  0«*p-Kuf  Stamping  givM 
Razor-Sharp  imprattient  ovary  tima 


*  ENGRAVED  Omp-AwP  hat 

cuthion-lika  rotilionca 

Engraved  Deep-Kut  stamp  faces  are 
adaptable  to  any  marking  device. 
They  can  be  used  to  stamp  on 


every  surface,  metal,  wood,  the  krengei 

fabric,  paper,  plastic,  etc.  inspection  pocket  stamp 


THE  PIN  &  PEG 


■ 

I  KRENGEl  MANUFACTURING  CO.,  INC.  Tel  CO  7-5714  Dapt.  3 

•  227  fulton  St .  New  York  7,  N  Y. 

I  NAME . . . 

IP/eose  check  the  lollowmg 

mi  fNGtAVED  Deep-Kut  | — j  COMPANY.  . . .  .  . 

I  Sample  S  Price  Up  I — i  STtEET . 

rieoee  Ao**  niesmon  coll  (“I 

I  he  appoinimeni  I |  OTY . ZONE . STATE . 


synchronous  motors,  and  a  variety 
of  associated  precision  gear  trains. 
All  can  be  guaranteed  to  opieratc 
within  ambients  up  to  200  C  and 
are  designed  to  give  the  maximum 
enclosure  for  protection  against 
environmental  conditions.  Circle 
361  on  Reader  Service  Card. 


Recording  Systems 
direct-writing 

Sanborn  Co.,  175  Wyman  St., 
Waltham  54,  Mass.  Six  or 
eight  interchangeable  preamplifiers 
mounted  in  a  single  module  in  7  in. 
of  panel  space  and  a  recorder- 
power  amplifier-power  supply  pack¬ 
age  permit  extreme  compactness  in 
tire  new  850  series  of  direct-writing 
oscillographic  recording  systems. 
The  850’s  are  especially  suitable  in 
applications  of  medium  size  d-c  sig¬ 
nals  such  as  tclcmctrs',  aiulog 
computer  readout  and  the  like.  A 
complete  system  is  housed  in  a 
single  cabinet  60  in.  high.  Circk 
362  on  Reader  Service  Card. 


Magnetic  Clutches 

single,  double  ended 

PIC  Design  Core.,  477  Atlantic 
Ave.,  East  Rockaway,  L.  I.,  N.  Y., 
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offers  a  cuiuplcte  line  of  newly  de¬ 
signed  precision  magnetic  clutchc's 
in  Mark  8  or  Size  18  frame— U  in. 
in  diameter.  Both  single  and  dou¬ 
ble  ended  units  base  been  designed 
to  offer  a  wider  variety  of  applica¬ 
tion  (i  in.  diameter  shafts).  All 
materials  and  finishc's  used  arc  to 
military  specifications.  Specifica¬ 
tions  arc  24-28  v  d<;  power  con¬ 
sumption,  ?  w;  output  torque,  16 
07  in.  minimum.  Circle  363  on 
Reader  Service  Card. 


TUBE  PRODUCTION 


SCIENCE  AT  VARIAN 


Cable  Connector 
captive  pin  type 

I'a^mar  Ekfctronics,  Inc.,  2339 
Cotner  Avc.,  I.os  Angeles  64,  Calif, 
'lire  2075  captive  pin  connector  is 
US.\K  approved  for  use  with  RG- 
117/U  cable.  Among  the  many 
advantages  of  this  superior  con¬ 
nector  is  the  captivated  center  con¬ 
ductor  and  dimcnsionallv  stable 
Teflon  dielectric.  The  slip  nut  fea¬ 
ture  allows  amiplctc  mechanical 
insertion  and  good  electrical  con¬ 
tact  prior  to  engaging  the  threads 
so  that  the  nut  mav  be  easily  rolled 
on  and  snugged  into  position. 
Circle  364  on  Reader  Service  Card. 


Pressure  Transducer 
wide-range 

BJ  Elkctronics,  Borg-Wamcr 
Corp.,  3300  Newport  Blvd.,  Santa 
Ana,  Calif.,  announces  an  extreme- 
range  absolute-pressure  Vibrotron 
transducer  capable  of  converting 
input  pressures  of  0-1,000  psi  into 
a  direct  electrical  output  in  tenns 


Full  dress  Inspection 

This  Optical  Comparator  with  magnifications.up  to  50  times 
provides  an  extremely  accurate  check  on  component  parts 
dimensions  —  particularly  those  of  complex  hole'  relationships 
And  only  those  that  meet  the  most  rigid  tolerances  find  their 
way  into  Varian  Klystrons  and  Wave  Tubes 

This  is  typical  of  the  care  involved  in  the  manufacture  of  Varian 
Tubes ...  and  one  of  the  reasons  why  they  consistently  give  the 
finest  performance.  Over  lOO'Of  these  tubes  are  described  and 
illustrlated  in  our  latest  catalog.  Write  for  your  copy  today 


VARIAN  associates 

— — r  ■; - -  • 

P  A  l  O  AITO  t,  CAVirORNIA- 

ir»'nrese>''o"i»ei  joj'  'ht  .joild 

KlVSTlfONS 't'haUlING  wave  lUBtS,  BACK  .VARO  VVAVC  OSClUATORS.  LINEAR  ACCELERATORS 
MKRO'AAVE  Sy$tE’.’  COMHONENIS  RE  S-RE  C  T  ROrVL  1 1 RS .  MAGNETS.  r.lAGN  1 1  6r/ 1 1  E  R  V 
StALOS  POWER  AWPLIEIERS.  GRAPHIC  RECORDERS.  RESEARCH  AND  DEVELOPMENT  SERVICES 
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MF.NT  Co.,  Bluffton,  Ohio.  Model 
690-A  provides  positive  leakage  and 
gain  tests  for  pnp  and  npn  type 
transistors.  It  measures  d-c  beta 


Cathode  Ray  Bulbs 
high  temperature 

Corning  Glass  Works,  Corning, 
N.  Y.,  has  available  cathode  ray 
bulbs  made  of  optical  quality  high 
temperature  alumina-silicate  glass. 
Virtually  free  of  physical  imperfec¬ 
tions,  the  bulbs  are  particularly 
applicable  to  high  resolution  radar 
surseillance  systems.  Alumina-sili- 


Write,  wire  or  phone 
today  for  Technical 
Bulletin  AE-102 

ElECTRONKSCORP. 

86  MAGNOLIA  AVENUE 
WESTBURY,  LI.,  N.Y. 
EOgewood  4-0500 


of  frequency.  Output  of  the  unit 
is  in  the  form  of  an  audio  (f-m) 
signal,  with  a  frequency  inversely 
propiortional  to  applied  pressure. 
Model  8815  is  readily  adaptable  for 
applications  in  aircraft  and  mis¬ 
siles,  as  well  as  military  or  industrial 
ground  equipment,  and  as  a  com¬ 
ponent  in  instrumentation  and  sys¬ 
tems.  High  accuracy,  linearity,  rug¬ 
gedness,  and  environmental  stabil- 
it\’  are  claimed.  Circle  365  on 
Reader  Service  Card. 


you  can  wind  your  filter  coils  \ 

WITHOUT  CORE 
ADJUSTMENTS 


pre>adjusted 
filter  cores 


•  •  •  •  , 


ferroxcube 

CORPORATION  OF  AMERICA 

i.  trtdM  St., 
Sow9«rti«t,  N.  Y. 
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simply  operated 


tion  of  the  degree  of  quality  is  made 
possible  by  the  long  coon  }x>rtion 
of  the  scale.  The  tester  also  affords 
an  exact  test  for  shorts  and  leakage; 
and  checks  forward  and  rexerse 
leakage  of  diodes.  It  features  single 
switch  selection  of  transistor  types 
for  operation  simplicity.  Circk  366 
on  Reader  Service  Card. 


MMlii,  mmui  wltk 
tpacHiti  MMter  H 
tanit  •(  Wirt  ftr 
iMirtt  ■■ttcttMt, 
pItcMia  Mt  etrt. 


AMMiklr ctmpIttH  I 

br  placiat  ** 

ctrt  t*tr  btbblii-aM.«trt  * 
ttbMttMbly.  Pti  etrt  ,* 
tllIMt  tt  wltMt  •• 

±1%  hiPtcttiict  by  yr 
lltltf  tp  V  ttfMttU  •*  * 
M  tliat  thty  ftnt 
tt  ttbrtktt  V.  ,** 


•  guarantttd  tffectivt  ptrmtabilititt  within 
±3%,  ±2%  or  ±1%  of  tptcificotiont,  in- 
stood  of  usual  1 0%  to  50%  sprtod 

•  moosurtd,  odjusttd  and  groupod  for  mog- 
nttic  chorocttristics  at  tht  factory 

•  a  compitte  lint  of  pot-typo  forrito  coros 
from  %"  to  1%“  diomotor,  with  bobbins  and 
hordworo  for  ooch  sizo 

•  ovoiloblo  in  quantity  to  monufocturrrs  of 
communications,  tolomotoring  and  computor 
oquipmont 


m 


Ask  the 

Ferrite  Man 

from  FXC 


catc  glass  can  be  optically  melted. 
FLiws  can  be  held  to  0.001  in.  or 
less  in  size.  The  glass  withstands 
tube  prcKessing  and/or  operating 
temperatures  up  to  700  C.  Circle 
367  on  Reader  Service  Card. 


BOTH  MODELS  available  with  optional  Transistorized  Oscillator: 
Stability  5  parts  in  10^  per  week;  and  5  parts  in  10*  per  month 
thereafter;  at  nominal  additional  cost. 
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NORTHEASTERN  ENGINEERING,  INC. 

MANCHESTER,  N.  H.  •  25  So.  Bedford  Si. 

;  P.  O.  Box  150  •  NAtional  2-6485 


Program  Timer 
handles  16  functions 


IluB-PoT,  Inc.,  13827  Saticoy  St., 
V^an  Nuys,  Calif.  Model  100  pro- 
gr.im  function  timer  is  designed 
for  missiles,  aircraft  and  ground  ; 
checkout  applications.  It  can  han¬ 
dle  up  to  16  separate  functions  and 
is  available  with  interchangeable' 
switch,  linear  pot,  and  nonlinear 
pot  function  strips.  It  is  designed 
to  meet  MIL-F.-5272  specs.  Driv¬ 
ing  motor  of  the  timer  can  be  stop¬ 
ped  or  reversed  at  any  point.  Circle 
368  on  Reader  Service  Card, 


B&K  Instruments,  Inc.,  3044  W. 
106th  St.,  Cleveland,  Ohio,  is 
marketing  for  Bruel  &  Kjaer,  Den¬ 
mark,  a  new  a-f  spectrum  analyzer 
featuring  true  rms,  average,  and 


ELECTRONICS  engineering  issue  —  December  5,  1958 


THcadUnCiHCKt. 


ELECTRONIC 

COUNTERS 


N 


Spectrum  Analyzer 
features  true  rms 


E,W  HIGHS  in  STABILITY  and  ACCURACY 
Yet  at  New  LOWS  in  COST  ! 

T 


,  PORTABLE  D’ARSONVAL 


/l/lakea  G  M 


GALVANOMETER 


peak  readout,  switch  selected.  It  is 
of  the  ^  octave  tvpe  with  center 
frequencies  ranging  from  40  to 
32,000  cps.  Characteristics  of  the 
30,  \  octave  filters  are:  tops  flat 
within  ±:  i  db;  steep  sides  with 
maximum  slope  of  120  db  per  oc¬ 
tave;  skirt  selectivity  greater  than  50 
db  per  octave  and  greater  than  70 
db  per  2  octaves  from  the  center 
frcquencN'.  Circle  369  on  Reader 
Service  Card. 


IN  THE  AUTOMOTIVE  FIELD, 
Ht*  B«ar  Manufacturing  Co.  of  Rock 
Island,  III.  uses  Serius  500  G>M  GoU 
vanomutun  in  its  new  remote^ead- 
ing  Electric  Wheel  Alignment 
System  (left).  Whatever  your  own 
p^cular  instrument  field,  you  con 
achieve  this  some  self'Conloined 
portability,  ruggedness  ond  high 
sensitivity  withG-MGolvonom- 
eten.  Complete  catalog  on  request. 


l.\IIOn.\TOI{IKS 


433«  NOtTH  KNOX  AVI.,  CHICAGO  41 

CIRCLE  242  READERS  SERVICE  CARO 


CHECKS  OUT  TRANSISTOR 
CIRCUIT  DESIGNS  -in  minutes! 


N.E.L.  525 

TRANSISTOR  CIRCUIT  SYNTHESIZER 

—  No  soldering 


^  required! 

/  Pre-tests,  evaluates 

a  •  *  JS 

transistor  circuits 

/  Saves  time,  money, 

material 
/  No  wiring 

y  No  soldering 

y  No  costly  "breadboard" 

Precision  Pot 
slidewire-tape 

Howell  Instruments  Co.,  3101 
Trinity  St.,  T’ort  Worth  7,  Texas, 
announces  a  new  slidewire-tape  po¬ 
tentiometer  with  direct  digital  read¬ 
out  of  any  linear  or  nonlinear 
calibration.  It  has  a  laboratory  ac¬ 
curacy  of  0.05  percent.  'ITic  basic 
active  clement  of  the  Ta’Pot  H5600 
is  a  resistance  wire  bonded  within 
the  edge  of  a  laminated  Mylar  tape. 
TTie  resistance  wire  may  be  cither 
straight  or  in  helical  form,  depend¬ 
ing  on  the  total  resistance  required, 
and  is  available  in  lengths  of  120 
in.  Resistance  ranges  arc  from  100 
ohms  to  100  K.  Case  dimensions 
are  2  in.  by  2J  in.  by  2}  in.  deep. 
Circle  370  on  Reader  Service  Card. 


For  complete  information^  write  ^ 

NATIONAL  ELECTRONICS  LABORATORIES,  INC. 

1713  KALORAMA  ROAD,  N.W.,  WASHINGTON,  D.  C. 


tubtidiary 

of 


techniques 

J  Four  transistor  stages 
J  Flexible  —  allows  Com¬ 
mon  Base,  Common 
Emitter,  Common  Col¬ 
lector  circuit  configura¬ 
tions 


CHEMICAL  CORPORATION 


WRilittered  Trademark  ot  Thiokol  Chemical  Corp.  for  its  liquid  polymers,  synthetic  rubbers, 
rocket  propellents,  plasticizers,  and  other  chemical  products. 


Oscillator 
sinusoidal  type 

Solid  State  pj.ECTRONics  Co., 
81  58  Orion  Avc.,  Van  Nuys,  Calif. 
Model  S-100  silicon  transistor  sinu¬ 
soidal  oscillator  is  an  epoxy  encap¬ 
sulated  unit  designed  to  create  a 
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sine  wave  signal  source.  Stability  as 
a  function  of  supply  voltage  and 
temperature  have  Ixen  emphasized 
together  with  rugged  reliability'. 
'Hie  microminiature  design  is  the 
result  of  careful  small  component 
selection,  with  stability  a  prime  con¬ 
sideration.  The  oscillator  is  ideal  for 
military,  missile,  industrial  and  port¬ 
able  applications.  Circle  371  on 
Reader  Service  Card. 


COAXIAL  ATTENUATORS 
AND  TERMINATIONS 


made  with  exclusive  Stoddart 
Filmistors  for  highly  accurate 
and  stable  resistive  values  from 
dc  to  3000  me. 


2,  6  and  10-position 

TURRET  ATTENUATORS 

with  simple  “PULL-TURN  PUSH' 
operation,  small  and  rugged. 


MODEL  BA-TF 
with  Tee  Front  outlot 
NOTE:  Top  Center  and 
Top  Reor  alto  available 


Pro<*ct*e  vnOrr 
StoOetn  Pitentt 


Motor-Generator 
has  o-d  of  0.750 

G-M  LABOR.vroRiES.  Inc.,  4300  N. 
Knox  Ave.,  Chicago  41,  111.,  an¬ 
nounces  a  new  size  8  motor-gener¬ 
ator.  The  tachometer-generator 
portion  can  be  furnished  for  oper¬ 
ation  on  cither  18  or  26  v,  400 
cps.  It  has  a  gradient  of  0.250  v 
per  1,000  rpm  and  a  maximum  null 
voltage  of  0.010  v  rms.  The  motor 
portion  can  be  furnished  with  any 
combination  of  voltages  up  to  40  v 
on  both  the  fixed  and  control 
phases,  all  400  cps.  Stall  torque 
is  0.3  oz-in.,  with  a  no-load  sjx-ed 
of  6,200  rpm.  Circle  372  on  Reader 
Service  Card. 


•  MU  SPEC  QUALITY 

AAeet  radio  interference  require* 
ments  of  MIL-I-16910A 

•  LARGE  COOLING  CAPACITY 
600—1200  CFM  output 

•  COMPACT  SIZE 

AAount  os  standard  8^^"  RET AAA 
panel— 15“  front-to-back 

•  CLEANABU  FILTER 

•  AIR  DISCHARGE  AREAS 

TO  SUIT  NUMEROUS  APPLICATIONS: 
Vertical  Printed  Circuit  Cards, 
Horizontal-mount  Chassis,  Verti* 
cal-mount  Chauis,  etc. 


ATTENUATOR  PADS 


Available  in  any  conceivable  combina¬ 
tion  of  male  and  female  Type  C  and 
Type  N  connectors.  Maximum  length  of 
3'  for  any  attenuation  value. 

GENERAL  SPECIFICATIONS 
VSWR:  Less  than  1.2  to  3000  me. 
CharKteristic  Impedance:  50  ohms. 
Attenuation  Value:  Any  value  from  0  db 
to  60  db  including  frKtional  values. 
AccurKy:  ±  0.5  db-.  values  above  50  db 
have  rated  accuracy  of  attenuation 
through  1000  me  only. 

Power  Rating:  1.0  watt  sine  wave. 


YOUR  CHOICE  OF 
a  DIFFERENT 
STANDARD  MODELS 
(attwn  ‘TO  ORDER') 


BASIC 

REAR  DISCHARGE 


COAXIAL  TERMINATIONS 


^LEFT 

DISCHARGE 


REAR  DISCHARGE 
— c»bbr«viot«d  •xt*nt(ofi 


Small-stable-50  or  70  ohms 

V5-Watt:  50  ohms  impedance,  TNC  or 
BNC  connectors,  dc  to  1000  me,  VSWR 
less  than  1.2. 

1-Watt:  50  ohms  impedance,  dc  to  3000 
me  or  dc  to  7000  me.  Type  N  or  Type  C 
connectors,  male  or  female;  VSWR  less 
than  1.2,  70  ohm.  Type  N,  male  or 
female  terminations  available. 


REAR  DISCHARGE 
—Sorias  ER  ♦ 


Waveguide  Waterload 
power  absorbing 

Bom.sc  I.abor.xiorics.  Inc..  1 
Salem  Road,  Bc\crly,  Mass.,  has 
dcxclopcd  a  broad-band  puiwcr 
absorbing  waseguide  watcrloiid,  BL- 
570.  This  load  is  capable  of  ab¬ 
sorbing  up  to  400  w  of  c-w  power 
over  the  frequeney  range  of  4.95 


for  VENTILATED  RELAY  RACK 
CABINETS,  CONTROL  CONSOLES. 
BLOWERS,  CHASSIS,  ‘CHASSIS- 
TRAK  *.  RELATED  COMPONENTS 


Fast  delivery  on  all  items. 
Send  for  complete  literature. 


ORchard  4-3510 

Western  Devices,  Inc 

600  W.  FLORENCE  AVE.,  INGLEWOOD,  CAL 
*  For  Inquiritt  on  'ChouU-Trak',  Cait  of  Rockiai 
Chatiis-Trak  Cary.,  S2S  S.  Wabfter  Ava.,  ladiaaaaalit 
CIRCLE  24S  READERS  SERVICE  CARD 
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AIFICRAFT  RADIO  CO.,  INC. 

6644  Sants  Monica  Blvd.,  Hollywood  38,  Calif. 

Hollywood  4-9292  . 
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New  ROHN 

SELF  SUPPORTING 


COMMUNICATION 

TOWER 


1 30  ft.  in  h«igM,  fully  snlf-tupportingl 
-^Rotnd  a  tru«  HEAVY-DUTY  tt**!  tewar, 
tuitobl*  for  communication  purpoMC, 
such  os  radio,  tolophono,  broadcasting, 
otc. 

Comploto  hot-dippod  golvoniiing  oftor 
fabrication. 

Low  in  cost — doos  your  job  with  BIG 
savings — yot  has  oxcollont  construction 
and  unaxcollod  dosigni  Easily  shippod 
and  guickly  installod. 

FREE  delaih  gladly  senf  on  request. 
Representatives  coast-to-coast. 

ROHN  Manufacturing  Co. 

1116  Limastona,  Ballavuo, 
^•oria,  Illinois 

“Pioneer  Manufacturers  of 
Towers  of  All  Kinds” 
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kmc  to  10.5  kmc,  and  the  vswr 
is  under  1.20  over  this  range.  This 
represents  a  reflected  power  of  un¬ 
der  1  percent.  This  load  may  be 
used  with  any  water-circulating 
system  capiable  of  supplying  ap 
proximately  0.3  gpm  at  6  psig. 
Circle  373  on  Reader  Service  Card. 


D-C  Amplifiers 
miniaturized 

Nktworks  Electronics  Corp., 
14806  Oxnard  St.,  Van  Nuys, 
Calif.  \  new  senes  of  miniaturized 
d-c  amplifiers  having  adjustable 
voltage  gains  of  100  to  SOO,  with 
a  linearih'  of  ±  0.5  percent,  based 
on  a  5  V  d<  nominal  output  value, 
arc '  announced.  The  units  have 
been  designed  primarily  for  tele¬ 
metry  devices,  guided  missiles,  and 
other  uses  where  spiacc  and  weight 
are  a  premium.  They  weigh  ap 
proximately  7  oz  and  measure  2.5 
in.  by  1.19  in.  sq.  Circle  374  on 
Reader  Service  Card. 


Today’s  requirements  call 
for  miniaturization, 


Delay  Lines 
subminiature 

V'alor  Instruments,  Inc.,  13214 
Crenshaw  Blvd.,  Gardena,  Calif. 
Precision  lumpd  constant  delay 
lines  suitable  for  transistor  and 
printed  circuit  applications  arc  of¬ 
fered  in  a  new  subminiature  case 
size,  'ibese  delay  lines  consist  of 
subminiature  p)W'dcrcd  iron  toroi- 


SMALL 


MINIATURE? 


Cliriowiifc 

MAKES  THEM  ALL! 


Unit  engin««r«d  to  fit  all  avail- 
ablo  sub-miniaturo  cable*, 
AUTOMATICS  Sub-Miniature 
Connectors  are  available  in  three 
types;  BAYONET,  PUSH-ON  AND 
THREADED  COUPLING. 

Special  receptacles  availabfe  for 
printed  circuit  ppplications. 

CHICK  THISi  FIATURiS: 

No  special  tools  roquirod  for  as- 
sombly.  Foolproof  clamping  insures 
accurate  alignment  .  .  .  positive 
contact  .  .  .  extra  strong  grip.  Ex¬ 
clusive  internal-parts  design  allows 
outside  dimensions  of  connectors  to 
remain  constant  regardless  of  cable 
dimensions. 

For  BAYONET,  PUSH-ON  and 
THREADED  SUB-MINIATURE  and 
MICRO-MINIATURE  COAXIAL 
CABLE  CONNECTORS,  always 
specify  AUTOMATIC.  Our  engi¬ 
neers  are  always  ready  to  dis¬ 
cuss  your  special  requirements. 

Write,  wire  or  phone  for  free 
technical  information. 


OiMviftic. 

METAL  PRODUCTS  CORP. 


317  Barry  St.,  B'kiyn  11,  N.  Y. 
EVargroan  8-6037 
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Now  Measure 


dal  inductors  and  temperature  coni- 
ixnsating  ceramic  disk  capacitors  in 
a  lumpx’d  constant  configuration 
which  is  phase  and  frequency  com- 
)K‘nsated  for  optimum  pulse  re¬ 
sponse.  'I'echnical  data  are  given  in 
a  rt“cent  bulletin.  Circle  ^75  on 
Reader  Service  Card. 


from  100  microvolts  to  320  volts 
REGARDLESS  OF  WAVEFORM 
with  the  Bollontine  Model.320  Voltmeter 


Compact  Encoder 
10-bit  resolution 

LiBR.\scopr:,  Inc.,  808  Western 
.\vc.,  Glendale,  Calif.  Precise, 
multipositional  reporting  can  now 
Ik  accomplished  with  a  new,  mini¬ 
aturized.  10-bit  shaft  pK)sition-to- 
digital  encoder  that  feature's  high 
resolution  and  eliminates  ambigu¬ 
ity.  Indicating  wide  application  in 
computer  control  of  automatic  ma- 
ehinery,  the  new  encoder  translates 
analog  shaft  pKisition  to  true  binary 
digital  information.  Ten-bit  reso¬ 
lution  is  obtained  with  only  a 
in.  disk  that  yields  l.OZ^f  discrete 
pisition  representations  per  turn. 
The  encoder’s  design  jxrmits  the 
control  of  linear  machine  feeds  to 
within  tolerances  of  0.001  in.  of 
the  total  travel.  Circle  376  on 
Reader  Sersice  Card. 


REPRESENTING: 


A  distinctly  new  departure  in  VTVM  design. 


FEATURING: 


A  built-in  calibrator;  —  easily  read  5-inch  log 
meter;  —  immunity  to  severe  overload;  —  use¬ 
ful  auxiliary  functions. 

BRIEF  SPECIFICATIONS: 


VOlTAGf  RANGE: . 100  microvolti  lo  320  volts 

DECIBU  RANGE: . —  80  dbv  to  -t-50  dbv 

FREQUENCY  RANGE: . 5  to  SOO.OOO  cycles  per  second 

ACCURACY: . 3%  from  15  cps  to  ISOKCj  5%  elsewhere 

Figures  apply  to  all  meter  readings 
MAXIMUM  CREST  FACYORS:  5  at  full  scale:  15  at  bottom  scale 
CAU8RATOR  STABILITY:  .0.5%  for  line  variation  105-125  volts 
INPUT  IMPEDANCE: . . .  .10  Ma  ond  25  Mif.  below  10  miHivolts 
10  Ma  and  8  iwif,  above  10  millivolts 

POWER  SUPPLY: . 105-125  voHs;  50-420  cps,  75  wotf 

Provision  for  210-250  volt  operation 

DIMENSIONS:  (Portable  Model) . UH"  wide,  lO'/b"  hig^ 

12%“  deep  —  Reloy  Rock  Model  is  available 

WEIGHT: . 21  lbs.,  approximately 

PRICE;  $425 


Oil'Filled  Pots 
feature  long  life 

I1ei,ipot  Division  of  Beckman 
Instruments.  Inc.,  Fullerton,  Calif. 
Models  4203.  4613  and  4713  arc 
high  precision,  multiturn  potentio¬ 
meters  for  servo  mounting.  All 
working  parts  arc  scaled  in  a  bath 
of  oil  which  cffcctivclv  cushions 


Write  for  the  New  Ballantine  Catalog  describing  this 
and  other  instruments  in  greater  details. 


BOONTON,  NEW  JERSEY 
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combines  precision 


O  BOLOMETER  PREAMPLIFIER 

©PRECISE  AUDIO 

SUBSTITUTION  ATTENUATOR 

0  AUDIO  LEVEL  INDICATOR 


ATTENUATION  RANGE:  30  db 


ABSOlUTE  ACCURACY  0  1  db 


RESOIUTIQN  001  dP 


rREQUENCY  RANGE:  020  t-o  90  bi 


TE'RMINAl  PANELS 

Complete  equipment  for 

^  SPECIALS 


the  unit  against  shock  and  vibra¬ 
tion,  protects  it  against  environ¬ 
mental  changes,  increases  dielectric 
strength,  and  flushes  away  wear 
particles  that  can  reduce  life  and 
cause  noise.  Circle  377  on  Reader 
Service  Card. 


INSURE  HEALTHY 
ELECTRICAL  PRODUCTS 


Make  sure  your  products  have  the 
exact  coil  specified  by  your  design 
engineers.  Every  Dano  coil,  regard¬ 
less  of  type  or  quantity,  is  custom 
made  to  exact  specifications  — 
just  what  the  doctor 
ordered  to  insure 

I  _ _ healthy,  trouble-free 

^  performance. 

Encapndated 

•  Bobbin 

•  Paper  Interleave 

T  •  Cotton  Interweave 

•  Form  Wound 

•  High  Temperature 
ALSO,  Trantformert 

«  ^  P'SKipt  asihrtit 

sf  rMr  rtssirtsMsti  — 

NO  OBLIBATION! 


Coaxial  Switch 
0  to  450  me  range 

Alford  Mfg.  Co.,  299  Atlantic 
Ave.,  Boston,  Mass.  The  type  1038 
coaxial  switch  for  6i  in.  coaxial 
transmission  lines  has  a  frequency 
range  of  0  to  450  me  with  a  vswr 
under  1.05.  The  c-w  power  rating 
is  approximately  the  same  as  that 
pf  6i  in.  coaxial  transmission  line. 
Type  1038  is  available  in  both 
motor-driven  and  manually-opier- 
ated  models.  Circle  378  on  Reader 
Service  Card. 


MfolfiAcfcof  Mngin—rlng 

KENSINGTON,  NIAKTIAND 


CIRCLE  2*1  READEU  SERVICE  CARO 


CIRCLE  242  READERS  SERVICE  CARD 


D-B  broad  band 
gas-fllled  cavity 
wavemeters 


Several  paget  of  Jonei 
Catolog  No.  21  illustrate 
itandard  and  special 
panels  we  ore  constantly 
producing.  Latest  spe¬ 
cial  equipment  enables 
us  promptly  to  produce 
practically  any  panel  re¬ 
quired.  Send  prjnt  or 
description  for  prices, 
without  obligation.  Hun¬ 
dreds  of  standard  ter¬ 
minal  strips  also  listed. 
Send  for  Catalog  22  with 
engineering  drawings  ond 
data. 


S«nd  your 
tpocificationt 
for  prbmpt 
—  quotation 


Each  instrument  covers  a  wide  seg¬ 
ment  of  the  total  range.  Only  11  sizes 
serve  from  2.6  KMC  to  90  KMC. 
Accuracy  is  so  high  they  may  be  used 
as  secondary  standards.  Nitrogen 
filled  and  sealed  for  long  life  and 
high  Q.  Bi-metalUc  structure  provides 
high  degree  of  thermal  compensa¬ 
tion.  Write  for  literature. 


Linearizer 
for  instruments 

Custom  F.nginkering  and  Df,- 
VEi,oPMENT  Co.,  1429  S.  Ewing 
Ave.,  St.  Louis  4,  Mo.  'ITie  instru¬ 
ment  linearizer  model  110  is  an 
electronic  ser\omechanism  which 
instantaneously  and  continuously 
corrects  the  output  data  of  a  non¬ 
linear  instrument  and  produces  an 
output  which  is  directly  propor- 


BONARDI 


DEMORN)^ 


780  South  Arroyo  Pkwy.  •  Pasadona,  Calif. 
CIRCLE  2S0  READERS  SERVICE  CARO 
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CIRCLE  249  READERS  SERVICE  CARD 


tional  to  the  input  to  the  nonlinear 
instrument.  It  was  eonceived  to 
eliminate  the  time  and  labor  of 
replotting  nonlinear  data  before 
final  interpretations  can  be  made. 
Much  time  can  be  sa\ed  when 
families  of  cuncs  must  Ik  processed 
or  when  it  is  necessars  to  integrate 
under  a  data  curse.  Circle  579  on 
Reader  Sersice  Card. 


18.000.000 


■r'« 


1 


THE  MOSELEY 


u 

T 

O 

R 

A 

F" 

2  new  recorders 


Laboratory  type  with  PUSH  BUTTON 
control  of  up  to  12  speeds  from  60 
in./min.  to  1  in./hr.  Over  100  feet  of 
chart  capacity,  10"  wide.  Multiple 
span  range  control  with  zero  offset; 
200,000  ohms/volt  input  resistance. 


Write  for  complete  information 

F.  L.  MOSELEY  CO. 

409  N.  FAIR  OAKS  AVENUE.  PASADENA,  CALIFORNIA 
CIRCLE  14S  READERS  SERVICE  CARD 


Literature  of 

MATERIALS 

Sealants  and  Molding  Com¬ 
pounds.  Coast  Pro-Seal  &  Mfg.  Co., 
22'?>  Bcserly  Blvd.,  l,os  .\ngdes 
?7,  Calif.  technical  data  cliirt 
describes  polvurcthane,  'ITiiokol 
and  silicone  biiscd  electronic  seal¬ 
ants  and  molding  compounds 
which  have  excellent  electrical 
properties,  high  temperature,  fuel 
and  cold  flow  rc-sistancc.  Circle  T82 
on  Reader  Sersice  Card. 

'Fhennosetting  Plastic  Parts. 
Kurz-Kasch,  Inc.,  1421  S.  Bro;id- 
wi\.  Davton,  Ohio.  Parts  design, 
material  selection,  mold  making 
and  compression  or  transfer  mold¬ 
ing  scrsiccs  for  custom  molded 
thermosetting  plastic  piirt*.  are  dis¬ 
cussed  in  a  4-page,  2-color,  illuv 
trated  folder.  Circle  484  on  Reader 
Sersicc  Card. 


COMPONENTS 


C  E  L  C  O 


STANDARD 

YOKES 

for  MILITARY  and  COMMERCIAL  PRECISION  DISPLAYS 

Shi|l<  Nits  w  prt*KtiH  EMititks  IMMEDUTEIT  miLAUf  FN  7/1",  1",  1-7/U", 

2".  2-1/1",  2-12",  CIT  seeks. 

Write  for  Celce  deflectien  ytke  citelogue  tr  for  immeditle  engineering  essistence  cell 
riur  neerest  Celec  glint. 


MNwak.  N.  I. 

OAeis  7-1121 


Miani,  FU. 
Plan  I-MH 


CacjMeaga,  CalH. 
TUkM  2-2«M 


SnewtoMa,  Pa. 
ULyucs  1-SSN 


L 


3  09et4tiUUilt€ 


Tre  e  titter  or  feceem  tube  Wriv*. 


Selenium  Rectifiers.  Svntron 
Co.,  241  l.exington  .\ve.,  IIoukt 
City,  Pa.  A  four-p:ige  booklet  gises 
complete  listing  of  continuous  d-c 
ampere  current  ratings  for  26,  44, 
46.  40,  45  and  52  v  rms  Svntron 
\acuum  process  selenium  rectifier 
cells.  Circle  484  on  Reader  Sen  ice 
Card. 

Com])onents.  Kearfott  Co.,  Inc., 
1500  Main  Ave.,  Clifton.  N. 
has  available  new  technical  data 
sheets  for  insertion  into  its  com¬ 
ponents  catalog.  ITiev  coser  pre¬ 
cision  tachometers  for  integration, 
synchros  and  a  dual  channel  traiv 
sistorized  buffer  amplifier.  Circle 
I  485  on  Reader  Service  Card. 

Hybrid  T’s.  Microwave  Develop¬ 
ment  1  .aboratories,  Inc.,  92  Broad 
St.,  Babson  Park  57.  Wellesley, 
Mass.,  has  released  a  six-page,  two- 
color  catalog.  No.  850,  which  pro¬ 
vides  an  up-to-date  guide  for  the 
selection  of  precision  cast  and  fabri¬ 
cation  E  plane  and  II  plane  folded 
hybrid  'I  ’s.  Circle  486  on  Reader 
Service  Card. 

Silicon  Solar  Cells.  I  lofiman 
Electronics  Corp.,  Semiconductor 
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the  Week 

Dixision.  9^0  Pitiicr  A\e.,  Kvans- 
toii.  Ill.  four-page  brochure 
details  the  electrical  and  physical 
characteristics  of  the  company’s 
standard  line  of  silicon  solar  cells. 
Circle*  587  on  Reader  Sers  icc  Card. 


EQUIPMENT 

Coinniiinicatioiis  Tower.  Rohn 
Mfg.  Co.,  116  Limestone,  Bellevue. 
Peoria,  Ill.  A  new  catalog  features 
full  information  on  the  company’s 
line  of  heavy-dut\  communications 
and  amateur  towers.  Circle  588  on 
Reader  Sers  ict*  C'ard.  I 

H-F  Heating.  Lepel  High  Fre-  ' 
quenev  L'iboratoric*s.  Inc.,  ssth  St. 
d-  5"th  .\se.,  W'lHxlside  “7,  \.  \. 
Third  issue  of  the  Rc*x  ien  contains 
many  intcrc*sting  applications  and 
articles  on  h-f  induction  heating  in-  , 
eluding  a  comprehensix  e  article  on  | 
temperature  control.  Circle  589  on 
Reader  Service  Card. 

Knvironinental  C'liainbers.  W'elv 
iK-r  .\Ifg.  Co..  Inc..  P.  O.  Box  2! 7. 
Indianapolis  6.  Ind.  .\  28-page  bro¬ 
chure  illustratc-s  and  describes  a 
wide  line  of  environmental  cham¬ 
bers.  Included  are  technical  in¬ 
formation.  cnx  ironmcntal  applici- 
tions  and  product  applications. 
Circle*  590  on  Reader  Sers  icc  Card. 

Frequenev  Shift  I'erininal  Fajuijv 
inent.  Northern  Radio  Co.,  Inc., 
149  F..  22nd  St..  Nexx  York  11. 

N.  Y.  .\  complete  line  of  fre¬ 
quency  shift  tcnninal  equipment 
(54  items  in  alii  i.s  described  in  a 
2-color  64-pagc  catalog.  Write  on 
company  letterhead  for  a  free  copy. 


FACILITIES 

I'antahmi  Capacitors.  Transistor 
Klcctronics,  Inc..  W’est  Ro;id.  Ben¬ 
nington.  Vt.  .\  well  illustrated 
briKhure  contains  information  on 
the  company’s  background  and 
facilities  for  manufacturing  tanta¬ 
lum  capacitors.  Performance  char¬ 
acteristics  for  several  txpes  are 
gixen.  Circle  591  on  Reader  Serv¬ 
ice  Card. 


Latest  Addition  to 
NEMS  •  CLARKE 
RECEIVER  LINE 


ow  availabl*  In  th«  Nams-CUrk*  lina  of  latamatry  racaivart 
it  tha  1400  Sofiai  amployina  phata-lock  dafaction.  Tha  racaivari 
ara  of  Mia  deabla  tupar-natarodyna  typa  with  a  nolM  fiqura 
of  tail  Mian  I  db. 


Tha  primarjr  advanlaqas  of  phaia-lMk  whan  atad  at  a 
nd  raeai»< 


'Ida 

band  raear*ar  daniodulator  it  a  lowarinq  of  tha  racaivar 
thrathold  and  an  ovarall  improvamant  in  liqnal-to-noita  ratio. 
Froqiiancy  ranqat  dotarminad  by  plus  In  cryttalt 

Typa  I4»,  1421 _ 2IS  to  245  me 

Typa  1410,  1411 _ 225  to  2*0  me 

Typa  1412.  1411 _ JIS  to  2*0  me 


aia  jcaun  ol 


WORLD'S 
FORtMOST 
DESIGNERS  AND 
MANUrACTDRERS 
or  SPECIAL 
PORPOSE 
RECEIVERS 


C  O  XirC  P  .A. 


aiLvcn  anniNo  maovlano 


JUNIPER  a.iooo 
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MflV  HIGHER  STANDARDS 
*  OF  UNIFORIRITY  AND  RELIABILITY 
^  IN  BOBBIN  CORES 


is 

(si 


Now  ultra-thin  tope  cores 
offer  greater  uniformity  and  re¬ 
liability  than  ever 

before  available.  DYNACOR  Bobbin 


formity  in  switching  tinte  and  signal 
to  noise  ratio. 


SEND  FOR  BULLETINS 
Write  for  Bulletin  DN-1000  and  Engineer- 
ing  Data  Sheets  DN-1001  and  DN-1002 
for  complete  data.  Addreu:  Technical  Lit¬ 
erature  Section,  DYNACOR,  INC.,  10431 
Metropolitan  Ave.,  Kensington,  AAarylond. 


,J0R  COMPUTER  APPLICATIONS 


CHECK  THESE  FEATURES: 
RIGIDLY  CONTROLLED 
4-79  AAolybdenum  Perm¬ 
alloy  Tope  *  Ceramic  or 
Stainless  Steel  Bobbins 

*  Hydrogen  Atmosphere 
Annealing  •  Polyester 
Tape,  Polyethylene  or 
Nylon  Protective  Jackets 

*  100%  Tested  to  Cus¬ 
tomer  Specifications  • 
Reliable  Uniformity  to 
Rigid  Performance  Spec¬ 
ifications  —  on  order 
after  order— over  long 
periods  of  time. 


A  WHOUY  OWNED 
SUBSIDIARY  OF 

SPRRGUE 

ELECTRIC  COMPANY 


/DYNACOR/^ 


DYNACOR,  INC.  *  10431  METROPOLITAN  AVENUE  •  KENSINGTON,  MARYLAND 
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PLANTS  and  PEOPLE 


ITT  Builds  New  Tube  Plant 


CoNS'i  RUCTION  WORK  is  ahead  of 
schedule  in  Roanoke.  Va.,  on  the 
new  ultramodern  tube  plant  of 
n^T  Components  Division  t)f  In¬ 
ternational  'I’clcphonc  and  'Felc- 
graph  Corp. 

ITic  new  facilitv',  a  S8,000-sq  ft 
building,  will  begin  operating  in 
January  1959. 

Plant  is  being  built  on  an  18- 
acre  site  and,  together  with  the 
latest  manufacturing  equipment 
to  be  installed,  represents  an  invest¬ 
ment  in  excess  of  85,500,000. 


Beckman  Instruments,  Inc.,  an¬ 
nounces  that  its  Helipot  Division 
has  completed  transfer  of  personnel 
and  equipment  from  Newport 
Beach  to  Fullerton,  Calif.,  and  is 
in  full  production  in  new  quarters 
at  the  company  headquarters  plant. 
I’he  20-mile  move  was  completed 
by  stages  to  minimize  loss  in  pro¬ 
duction  time. 

Transfer  of  Helipot  was  a  step 
in  Beckman  plans  to  streamline  its 
operations  and  achicie  more  effi¬ 
cient  utilization  of  existing  man¬ 
power  and  plant  resources,  accord¬ 
ing  to  company  spokesmen.  'Die 
Fullerton  plant,  recently  expanded 
by  100,000  sq  ft,  now  serves  as 
headquarters  for  the  company’s 
Helipot  International  and  Scienti¬ 
fic  and  Process  Instruments  divi¬ 
sions,  as  well  as  the  Beckman  cor- 
jxirate  staff. 
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The  plant  will  feature  air-con¬ 
ditioned  and  dust-free  aNScmbly 
rooms,  making  it  among  the  most 
modern  tube  manufacturing  facili¬ 
ties  in  the  world. 

'I’he  new  operation  will  be  used 
for  the  protluction  of  traveling 
wave  tubes,  image  storage  tubes, 
and  other  special  purpose  tubes  de¬ 
veloped  in  riT  lalwratories,  ex¬ 
panding  the  present  tube  facilities 
of  11’'!'  Components  Division.  I'he 
division’s  headquarters  arc  in  Clif¬ 
ton,  N.  J. 


Beckman’s  Fullerton  plant  houses 
some  1,600  persons  engaged  in  the 
development,  manufacture  and 
marketing  of  electronic  compon¬ 
ents  and  instruments  for  industrial, 
scientific  and  defense  applications. 

Sylvania  Ups 
R.G.E.  Mutter 

.\PP0INTMENT  of  Rudolf  G.  E. 
Hutter  as  chief  engineer.  Special 
I’libe  Operations,  Sylvania  Electric 
Products  Inc.,  Mountain  View, 
Calif.,  has  been  announced. 

In  his  new  position,  he  will  lx; 
responsible  for  the  research,  devel¬ 
opment  and  engineering  activities 
of  these  operations  centered  in  the 
Microwave  Components  Laborato¬ 
ries. 

Hutter  joined  the  company  14 


years  ago  as  a  senior  engineer  in 
its  Research  laboratories  at  Bay- 
side.  N.  Y.  There  he  has  Ix'en 
section  head  in  charge  of  micro¬ 
wave  electronic  research,  engineer¬ 
ing  manager  in  charge  of  physical 
electronics  development,  manager 
of  the  Physics  Liiboratoiy,  and  as- 
s(K;iate  director  of  research  in 
physics. 


Name  Shepherd 
As  Consultant 

Heap  of  the  University  of  Minne¬ 
sota  Department  of  Electrical  En¬ 
gineering,  William  G.  Shepherd, 
has  been  retained  as  consultant  by 
Control  Data  Corp.,  Minneapolis, 
Minn. 

In  announcing  Shepherd’s  asso¬ 
ciation  with  his  firm,  William  C. 
Norris,  president,  stressed  the  im- 
|M>rtanee  of  research  in  meeting  the 
challenge  of  the  space  age  and 
|X)intcd  out  that  the  new  appointee 
will  provide  continuing  technical 
counsel  on  advanced  research  for 
Control  Data. 

Leach  Corp.  Buys 
Engdahl  Assets 

.Kcquismion  by  the  Leach  Corp., 
Compton,  Calif.,  of  all  assets  of 
the  Engdahl  Enterprises  of  Arcadia, 
Calif.,  developer  and  manufacturer 
of  electronic  data  instruments,  was 
recently  announced. 

Paul  Engdahl,  founder  of  the 
firm  and  president,  joins  the  La^ach 
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Helipot  Completes  Move 


Last  year  it  was  Harry  Morgan's  final  'okay'  that  sent  the  Aerobees  and 
Nike  Cajuns  screaming  skyward  at  the  IGY  base  in  Ft.  Churchill, 
Canada.  For  two  years,  working  side  by  side  with  some  of  the  nation's 
top  rocket  scientists  at  the  Army's  Ballistic  Research  Laboratory  in 
Aberdeen,  Md.,  Harry  participated  in  the  engineering  and  planning 
^  of  this  project  from  inception  to  completion. 

Responsible  for  the  Laboratory's  range  instrumentatian  during  field  trips  to  the 
test  site  on  the  shores  of  Hudson's  Bay,  all  of  Harry's  resources  were  called  inta  play 
in  pinpointing  the  complete  trajectory  story  of  each  rocket.  These  probes 
into  the  Arctic  atmosphere  involved  intimate  familiarity  with  DOVAP  transponders  and 
complex  antenna  systems.  In  addition,  Morgan  sat  at  one  of  the  consoles  during 
each  launching  and  was  an  integral  part  of  the  countdown.  Without  his  'okay',  na 
rockets  could  have  left  the  pre-heated  launching  pad  shown  at  left. 
This,  incidentally,  is  the  only  completely  enclosed  launching  platform  known. 
In  an  operation  so  delicate  that  a  taxicab's  radio  signal  in  South  Carolina 
once  interfered  with  a  launching,  precise  men  such  as  Harry  were  absolutely  essential. 
By  nature  a  thorough  man  devoted  to  exacting  work,  Morgan  has  built  an  enviable 
record  of  achievement  as  a  TechRep  and  has  won  a  reputation  for  original  thinking 
on  high-priority  engineering  assignments  at  TechRep  installations  throughout  the  world. 

Harry's  adventure  in  electronics  is  not  uncommon  among  the  more  than  3,000 
engineers  and  technicians  assigned  to  vital  electronic  installations  throughout 
the  free  world.  These  TechReps,  performing  engineering  and  maintenance  services 
on  world-wide  communications  systems,  early  warning  radar  networks, 
field  testing  and  instrumentation  of  offensive/defensive  missiles  and  systems,  are 
already  on  the  ground  floor  of  tomorrow's  important  adventures  in  space. 

Engineers  and  Technicians,  at  all  leyels,  are  invited 
to  investigate  the  openings  in  — 

ELECTRONICS:  Communications,  Radar,  Sonar,  Navigational 
Aids,  Guided  Missiles,  Antenna  Systems,  Microwave,  Computers, 
Telemetering,  Technical  Writing 

ELECTROMECHANICAL:  Power  Distribution,  Diesel 
Generators,  Electrical  Controls 

TELEPHONE:  Central  Office,  Installers,  Traffic 
Engineers,  Switchboard,  Outside  Plant 


For  an  interview  in  your  city  and  a  copy  of  our  full 
color  booklet  —  "PH/LCO  .  .  .  FIRST  in  Employment 
Opportunities," 

Write  to  C  F.  GRAEBE,  Personnel  Mondger,  Dept.  19>D 


1 

1 

TECHREP  DIVISION 

22nd  &  Lehigh  Avenue,  Philo.  32,  Penno. 
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HARRY  MORGAN,  PHILCO  TECHREP, 
SETS  'EM  UP  FOR  THE 
“NOSE-CONE"  SCIENTISTS 


ADVENTURES 
in  ELECTRONICS 


TRANSFORMERS 


TELEMETRY 


GUDEBROD 
lacing  tape 
‘  holds  tight! 


Gudebrod  Flat  Braided*Lacing 
Tapes  hold  windings  or  har¬ 
nesses  with  complete  knot 
security  and  without  cutting 
through  insulation.  Braided  of 
different  materials  to  meet  a 
variety  of  conditions,  they  are 
available  wax-coated  or  wax- 
free,  or  with  special  synthetic 
coatings.  Both  industrial  and 
defense  users  find  Gudebrod 
Lacing  Tapes  best  for  consist¬ 
ent  high  performance  where 
component  reliability  is  critical. 
Year  in  and  year  out,  under  ad¬ 
verse  conditions,  Gudebrod 
Lacing  Tapes  hold  tight. 

Send  us  your  problems  or  your 
specifications  ...  we  can  meet 
both.  Or  ask  for  free  samples 
of  Gudebrod  Lacing  Tape  today. 


GUDEBROD 

BROS.  SILK  CO. 

ELECTRONICS  DIVISION 
'225''Wei1  Sillh  Street,  New  Yorl<  1,  N  '' 

EXECUTIVE  OFFICES 
12  South  12th  Street,  Philo  7,  Pa 
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administrative  staff  as  manager  of 
a  newly  formed  Instrument  Pro¬ 
ducts  Group. 

The  acquisition  is  expected  to 
materially  strengthen  the  position 
of  Leach  as  a  supplier  of  compon¬ 
ents  and  systems  for  missiles  and 
satellites  and  commercial  and  mili¬ 
tary  aircraft. 


How  To  Get  Things  Done 
Better  And  Faster 


ESC  Corp.  Hires 
Emil  Kohler 

ESC  Corp.,  PalLsadcs  Park,  N. 
manufacturer  of  pulse  transformers, 
delay  lines  and  shift  registers,  ap¬ 
points  Emil  Kohler  to  its  design 
and  development  staff. 

Kohler’s  new-  rc-sponsibilities  will 
include  design  and  dcsclopment  of 
electronic  pulse  components,  in¬ 
cluding  delay  lines,  magnetic  shift 
registers  and  filters.  He  will  also 
supiciA’ise  the  protohpc  section  of 
the  engineering  laboratory. 

He  was  formerly  engaged  in 
senior  engineering  functions  for  the 
Rogue  Electric  Mfg.  Co.,  where 
he  was  resjxmsiblc  for  the  develop¬ 
ment  of  important  innovations  in 
the  electromechanical,  ultrasonic 
and  semiconductor  fields. 


Shea  Joins 
Waters  Mfg. 

Former  quality  control  engineer 
and  production  chemist  at  the 
Someiyille,  Mass.,  plant  of  Ford 
Motor  Co.,  John  J.  Shea  recently 
joined  the  engineering  staff  of  Wa¬ 
ters  Mfg.,  Inc.,  Wayland,  Mass., 
manufacturers  of  potentiometers. 
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electrical  components  and  elec¬ 
tronic  and  mechanical  instruments 
and  test  equipment.  He  will  assist 
engineering  in  setting  up  new'  proc¬ 
esses  and  production  methods  on 
new  prtxlucts. 


TEC  Appoints 
Sales  Executive 

'I  ransistor  Ei.ec  ironics  Corp.  of 
Minneapolis  appoints  Raymond  C. 
Skoe  as  assistant  sales  manager  of 
the  company. 

.\n  electronic  engineer,  Skoe  was 
at  one  time  witli  International 
Business  Machines  at  Endicott. 
N.  Y.  In  19s  1  he  joined  the  staff 
of  Remington  Rand  Univac  in  St. 
Paul  as  a  computer  designer  and 
was  active  in  the  design  of  the 
■  Unisac  file  computers. 


ELECTRONICS  MANAGER 

FOR  RESEARCH  DIVISION 
Curtiss-Wrighf  Corporation 

An  outstanding  opportunity  for  an  executive  scientist  to  assume 
complete  technical  and  administrative  responsibility  for  the 
electronics  and  ultrasonics  research  of  this  new  facility  located 
in  Quehanna.  Pennsylvania  (40  miles  north  of  State  College  — 
Pennsylvania  State  University). 

This  department  is  currently  engaged  in  research  and  devel¬ 
opment  relating  to  aircraft  and  industrial  instrumentation,  air 
traffic  control  and  computer  devices.  This  technical  executive 
will  be  expected  to  expand  current  research  programs  as  well 
as  initiate  new  research  in  the  fields  of  commercial  and  military 
electronics.  Salary  is  open  and  there  are  excellent  liberal 
executive  benefits. 

Complete  and  detailed  resume  should  be  sent  to:  T.  W. 
Cozine,  Mgr,,  Executive  &  Technical  Placement,  Curtiss- 
Wright  Corporation.  Dept.  RD-55.  Wood-Ridge,  N.  i. 

All  resumes  and  contacts  will  be  held  in  complete  confidence. 
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Promotes  Wendt 

.\ppoiNi  MENT  of  Robert  R.  Wendt 
as  assistant  quality'  manager  of 
Bendix  Produets  Division — Mis¬ 
siles  was  recently  announced.  In 
this  capacity,  he  directly  assists 
the  quality  manager  in  adminis¬ 
tering  the  test  engineering,  test 
and  inspection,  environmental  test, 
test  equipment  design  and  reliabil¬ 
ity  operations  involved  in  the  Talos 
missile  program. 

Prior  to  his  new  position,  W'endt 
was  chief  engineer,  test  operations, 
with  responsibility  for  directing 
missile  and  systems  functional  test 
in  I'alos  production.  lie  obtained 
extensive  experience  in  environ¬ 
mental  test  work  and  missile  reli¬ 
ability  activities  as  project  engineer 
m  charge  of  the  Environmental 
Test  I^aboratory  and  Reliability 
Department  at  the  Mishawaka, 
liKliana,  plant. 


LA.  Firm  Expands 
Eastward 

T’elecompuiing  Corp.  recently 
announced  its  first  major  expansion 
eastward,  through  the  acquisition 
of  the  Frank  R.  Cook  Co.  of  Den¬ 
ver,  Colo.  W'illiam  R.  Whittaker, 
president  of  the  Los  Angeles  elec- 
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tronics  firm,  said  the  move  will 
add  additional  systems  capabilities 
to  'rclccomputing  Corp.,  which  is 
a  principiil  manufacturer  and  sul> 
contractor  to  industry  and  defense. 

I'hc  Frank  R.  Cook  Co.  is  known 
for  its  original  design  and  manu¬ 
facture  of  high<ncrgy  power  sour¬ 
ces  for  air  and  space  borne  applica¬ 
tions. 

News  of  Reps 

Sameo  Mfg.,  Inc.,  Orange.  N.  ).. 
manufacturers  of  precision  tulw 
forms  and  bends,  and  microwave¬ 
guides.  appoints  James  II.  Lawrence 
of  I'lallas,  I'cxas.  as  rep  for  Texas, 
Oklahoma  and  New  Mexico. 

Precision  Instrument  Co.,  San 
Carlos,  Calif.,  manufacturer  of 
magnetic  tape  handling  instru¬ 
mentation  has  appointed  three  new 
rejjs; 

Scientific  Sales  F.ngineering  Co, 
with  offices  in  ,\tlanta,  Ga.,  and 
St.  Petersburg,  Fla.,  will  handle  the 
line  in  Georgia.  North  and  South 
Carolina,  Florida.  Mississippi. 
Louisiana  and  .\labama. 

Wild  &•  .\ssociates  with  offices 
in  Roslyn,  L.  L,  N.  Y..  and  .\r- 
lington,  Va.,  will  cover  New  York 
State,  eastern  Pcnn.syl\“ania,  Vir¬ 
ginia,  Maryland,  Delaware,  New 
Jersey  and  W^ashington.  D.  C. 

Hawthorne  F'.lectronics  with  of¬ 
fices  in  Portland,  Ore.,  and  Seattle. 
Wash.,  will  sene  Oregon,  W’ash- 
ington,  Idaho  as  well  as  western 
Canada. 

Clesitc  Transistor  Prcxlucts,  Wal¬ 
tham,  Mass.,  appoints  the  Robert 
F!.  Nesbitt  Co.  of  Dallas.  I'exas, 
as  sales  rep  for  Oklahoma  and 
T  exas  (except  FI  Paso  Counts), 

Nems-Clarke  Co.,  Siher  Spring, 
Md.,  has  named  two  s;ilcs  reps  to 
handle  its  line  of  telemetry  equip¬ 
ment  and  components: 

D.  B.  Carev  of  F  t.  \\  orth, 
T  exas,  will  cover  T  exas  and  Okla¬ 
homa.  Scientific  Sales  F'ngineering 
Co.  of  .\tlanta,  Georgia,  is  ap- 
jxiinted  for  Cieorgia,  .\labama,  Mis¬ 
sissippi,  Tennessee,  North  Caro¬ 
lina,  South  Carolina,  N'irginia 
(Charlottcssillc  and  south). 
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Electronic  Semiconductors 
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“The  careful  derivation  of  impor¬ 
tant  relationships  from  prcciselv 
defined  concepts  and  assumptions 
is  one  of  the  book’s  outstanding 
features.”  This  quotation  from  the 
dust  jacket  of  “Electronic  Semi¬ 
conductors”  is  an  excellent  charac¬ 
terization  of  the  \olume.  W'hethcr 
this  makes  the  book  good  or  bad. 
useful  or  not.  depends  on  the  level 
of  the  reader. 

Spenke’s  book  is  ostensibls  an 
clementarv  introduction  to  the 
“most  easily  understcKKl.  and  vet 
precise”  phases  of  the  physics  of 
semiconductors.  To  the  engineer 
or  physicist  who  wants  to  learn  the 
fundamentals  of  this  field,  thougli, 
the  book  will  be  disappointing, 
mainly  because  Dr.  Sfxnkc  takes 
such  pains  to  avoid  being  imprecise 
that  the  oscrall  coxcrage  of  a  new 
idea  becomes  lost  in  a  stvlc  of  writ¬ 
ing  reminiscent  of  patent  language. 

.•\s  with  patents,  the  language, 
the  style,  the  exceptions  arc  for  the 
experts,  whereas  here  the  discussion 
is  meant  to  be  clementarv.  Con¬ 
tinual  references  either  to  footnotes 
wherein  exceptions  to  generaliza¬ 
tions  arc  discussed  at  a  Icscl  of 
sophistication  bevond  that  which 
the  book  itself  presumes,  or  else  to 
later  chapters  where  a  more  care¬ 
ful  treatment  of  a  point  under  dis 
cussion  is  presented,  serve  inainh 
to  disrupt  the  smooth  development 
of  the  subject  matter.  Cue  learns 
more  about  the  exceptions  to  a 
given  situation  than  about  the  situ¬ 
ation  itself. 

()rganiz.ation— riie  book  is  sim¬ 
ilar  to  the  classic  “Electrons  and 
Moles  in  Semiconductors”  by 
Shockley  in  that  the  subject  matter 
in  succeeding  parts  of  the  book  is 
returned  to  and  treated  in  a  mrrrc 
refined  manner. 

'Ilicre  arc  other  stylist  poiut^ 
which  present  additional  hurdles  to 
the  elementan  reader.  In  many 
places  (and  it  is  a  rare  book  with 
this  fault)  too  many  intermediate 
algebraic  steps  arc  included  in  the 
derivation  of  a  particular  equation. 

On  the  other  hand,  for  the  reader 


Impressive  cost  savings  and  greater 
reliability  are  inherent  in  the  use 
of  the  new  Ney  molded  contact 
assemblies.  For  use  with  printed 
commutators,  potentiometer  wind¬ 
ings,  slip  ring  assemblies  and 
printed  rotary  switches,  these  as¬ 
semblies  are  available  in  a  standard 
line  now  being  manufactured  by 
Ney,  or  can  be  designed  to  custo¬ 
mer  specifications. 

Seven  prime  advantages  are  ( I )  a 
complete  single  or  multiple  brush 
assembly  ready  to  use,  ( 2 )  no  weld¬ 
ing  or  soldering,  (3)  reduction  of 
adjustment  during  assembly  into 
unit,  (4)  insured  uniformity  of  de¬ 
sired  gram  pressure,  (5)  reduced 
inspection  costs,  (6)  time  tested 
Ney  alloys  for  reliability,  (7)  will 
withstand  extremes  in  operating 
environments. 

SfND  FOR  LITERATURE 


MAGNELINE  is  the  ideal  indicator  for 
use  in  computers  and  electronic  systems 
requiring  accurate  display.  It  positions 
rapidly  —  produces  two-per-second  re¬ 
sponses  with  low  power. 

Simplicity  assures  long  life.  Only  one 
integral  part  is  in  motion.  Featherweight 
rotor  is  magnetically  Ktivated,  rides  on 
precision  ball  bearing.  No  mechanical 
detents  or  electrical  contacts  to  wear  or 
foul.  The  X  digits  are  white  on 
biKk  background  to  give  clear  legibility 
at  25  feet.  Even  at  60*  angle,  figures 
can  be  quickly  and  accurately  read. 

Magneline  measures  only  wide  by 
2*%4"  in  diameter.  Weighs  only  3.3 
ounces.  Units  can  be  stacked  in  series 
for  multiple  digits.  Write  for  complete 
technical  data. 
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who  is  quite  f.iiniliar  with  the  iiia- 
terial,  the  b(K)k  is  well  worth  the 
trouble  of  reading.  W'hat  the  reader 
will  gain  is  renewed  awareness  of 
the  limits  of  validity  of  many  of  the 
concepts  that  one  in  general  tends 
to  take  for  granted.  In  addition, 
two  important  subjects  are  treated 
in  a  manner  not  readily  found  else¬ 
where.  One  is  the  approach  to 
problems  involving  the  rates  of 
generation  and  reeoinbimition  of 
carriers.  'I’his  subject  is  discussed 
from  the  point  of  view  of  chemi¬ 
cal  kinetics  and  the  law  of  mass 
action,  which  I  feel  is  the  proper 
way  to  introduce  the  material. 
Spenke’s  discussion  should  help 
clarify  and  unify  the  thoughts  of 
one  who  has  done  some  thinking 
along  such  lines. 

The  second  excellent  discussion 
is  that  relating  to  the  P’ermi  lesel, 
its  interpretation  as  an  electrochem¬ 
ical  potential  and  the  relation  of 
this  to  the  equilibrium  at  a  junc¬ 
tion  of,  say.  a  metal  and  a  semi¬ 
conductor.  It  is  the  precision  of  the 
writing,  but  bv  no  means  the  or- 
gani/.ation.  that  will  make  this  dis¬ 
cussion  valuable  to  one  who  thinks 
he  knows  the  material.  It  is  a  bit 
unfortunate,  howcscr.  that  the  book 
was  written  before  the  current  in¬ 
terest  ill  thermoelectric  devices 
since  Spenke’s  treatment  can  so 
easily  be  extended  to  clarify  cool¬ 
ing  phenomena  at  junctions. — S. 
Kokmc,  IRM  Watsnti  Laboratory 
at  Columbia  l/nivcrsitv,  .\’cw  York. 

\.  y. 


Notes  on  Analog-Digital 
Conversion  Techniques 

KHitcd  tn  AI.FRFD  K.  SUSSKIND. 

MIT  7'eehuology  Press  and  fohn 
W'ilcy’  Cf  Sons.  Inc.,  .Vcw  Y’ork, 
1957,  -110  p.  SI 0.00. 

'I’ll IS  book  is  an  outgrowth  of  notes 
prepared  for  systems  and  design  en¬ 
gineers  undertaking  an  intensive, 
onc-wcek  surscy  course  in  the 
theory  and  design  of  analog-digital 
conversion  techniques.  'Fhe  ap¬ 
proach  used  in  the  sursey  was  to 
present  the  systems  aspects  of  digi¬ 
tal  information  priKcssing  first, 
then  pr(x:ccd  to  a  detailed  engi¬ 
neering  analysis  and  evaluation  of 
a  variety  of  consersion  devices, 
finally  providing  case  studies  based 
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YOUR  LOGIC  CIRCUIT 
PROBLEMS  WITH 
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Flip-FlopT^and  Counters 

Diode  AND  Gotes 

Diode  OR  Gates 

Nor  Gates  —  An  Epsco  Exclusive 

Parallel  Gates 
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Inverter  Amplifiers 

Non-Inverting  Amplifiers 

Emitter  Followers 

Power  Drivers  ;  \ 

Delay  Multivibrators 
Pulse  Shapers '  j  . 

Level  Converters 
Neon  Indicators 
Incandescent  Indicators 
iBIocking  Oscillators 
Level  Shapers 

6,  12,  18  volt  Power  Supplies 
Clock  Multivibrators  (0-200  KC) 

Cemmg  soon  compftte  1  me  /091c  circuif  fomiil/ 
and  we're  adding  ofhers  oil  the  time 
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COMPONENTS 


Available  now  ...  a  complete 
line  of  fully  encapsulated  high- 
loading  TRANSISTOR  DIGITAL 
CIRCUITS . . .  plug-in  components 
to  give  you  true  reliability  at 
very  low  cost.  Epsco  TDC’s  save 
you  engineering  time  .  .  .  slash 
space  requirements . . .  provide 
flexible,  compatible  operation. 


•  Save  Time  and  Space 

•  Cut  Costs 

•  Permanent  Encapsulation 

•  Vibration-AAoisture  Resistant 

•  Field  Proven  Circuits 
•j^ow  Power  Requirements 

•  High  Loading 

•  Completely  Compatible 

•  In-Line  or  Tube  Socket 
AAounting 

•  Easy-Access  Test  Points 

SPEOFICATIONS 

Ff <)wncy  Rang«f...<.up  to  400  KC 
Switching  TimM 

Oiod*  Logic . ...0.7  "<ox 

Trontittor  Logic . 1.5  mmc  max 

Signol  Voltog*  L«v»l* 

1 1  volts,  ±  6  volts 

Temparotura  Rong* 

-55’C  to -f  75*C 


WRITE  FOR  FREE  BROCHURE  —  o 
complefe  iTIutIrofed  color  brochure 
plus  complete  set  of  engineering 
inquiry  data  shtels  with  detailed 
pertormonce  chorocteristics,  Epsco, 
Inc.,  Components  Division,  Dept. 
I?I28,  108  Cummington  St., 

Boston  IS,  Moss. 


ELECTRONICS  engineering  issue  —  December  5,  1958 


CIRCLE  2M  READERS  SERVICE  CARD 


on  development  work  done  at  Mil’ 
Servo  Mechanisms  Laboratory-. 

Fhc  first  three  chapters  arc  pri¬ 
marily  of  interest  to  the  systems  en¬ 
gineer,  since  overall  system  concepts 
are  discussed  here,  including  sam¬ 
pling,  quantizing  theoiy  and  cod¬ 
ing.  The  use  of  numerous  illustra¬ 
tions  is  to  be  commended,  in  par¬ 
ticular,  the  technique  of  using  a 
modified  abacus,  turned  90  deg.  to 
show  the  derivation  of  the  distri¬ 
bution  function  with  graphic  sim¬ 
plicity. 

'Fhc  chapters  dealing  with  digi¬ 
tal  circuits  and  coding  and  decod¬ 
ing  techniques  are  of  special  inter¬ 
est  to  circuit  design  engineers.  The 
circuit  chapter  is  comprehensive  in 
its  coverage  and  deals  with  the  de¬ 
sign  philosophy  of  the  basic  elec¬ 
tron-tube  and  magnetic  circuits 
found  in  digital  converters.  Un¬ 
fortunately,  the  material  docs  not 
cover  transistorized  circuits;  how- 
e\er,  this  fact  docs  not  negate  the 
value  of  these  chapters  to  the  en¬ 
gineer  seeking  insight  in  this  par¬ 
ticular  field.  The  chapter  on  crxling 
and  decoding  techniques  discusses 
in  detail,  circuits  and  techniques  de¬ 
signed  to  convert  analog  voltages 
into  digital  signals  including  the 
staircase  generator  comparison  tech¬ 
nique. 

'Ilie  remaining  chapters  deal 
with  specific  forms  of  coders  and 
decoders.  Flic  material  covers  a 
broad  line  of  units  from  the  purely 
eleetronic  to  the  primarily  mechani¬ 
cal  form  of  dcsicc.  Fhc  last  two 
chapters  deal  exclusively  with  the 
problems  and  solutions  encountered 
in  designing  a  digital  flight  test  in¬ 
strumentation  (OI'TI)  system. 

Each  chapter  is  well  documented 
with  up-to-date  reference  material 
making  it  easy  for  the  reader  inter¬ 
ested  in  further  information  to  pro¬ 
ceed  much  deeper  into  the  tech¬ 
nology,  The  style  of  presentation 
is  clear  and  concise  making  it  rela¬ 
tively  easy  for  the  practicing  engi¬ 
neer  with  little  background  on  this 
topic  to  peruse  the  material  and 
gain  a  worthwhile  insight  in  the 
problems  of  analog-to-digital  con¬ 
version. — J.M.K. 
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on  fully  automatic,  patented 
machines.  GRC  nylon  parts 
are  available  from  stock  in 
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u^  single  cavity  tech¬ 
niques,  molds  in  one  auto¬ 
matic  cycle,  gets  accurate, 
uniform  parts,  ready  for 
immediate  use. 
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economies,  apply  too  on 
tiny  made-to-or^r  parts 
to  your  specifications  .  .  . 
in  quantities  of  25,000  to 
many  millions.  Write  for 
bulletin  describing  GRC's 
unique  methods  for 
injection  molding  small 
plastic  parts  or  send  prints 
for  quotations.  Ask  about 
our  zinc  alloy  die 
castings,  tool 
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One  piece  =  speedier  winding 
When  you  need  bobbins,  with  Cries.  Send  for 
standard  stock  sheet  or  quotes  on  sizps,  shapes 
ond  materials  to  your  order. 
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A/r^MOLDED  CORONA  BARRIER 

■  ^  ^  insures  minimum  and  uniform  loss 


Precision  molding  provides  the  proper  thick¬ 
ness  of  deposit  eoch  ond  every  time  on  the  trans¬ 
former  winding.  Resulting  uniformity  ouures  mini¬ 
mum  and  uniform  corona  loss.  Ideal  for  high 
voltage  ftybock  transformers. 

Process  is  applicable  to  many  other  compounds 
for  applications  where  uniformity  is  required  for 
variable  thickneu  of  deposit.  Con  be  set  up  in 
your  plant  or  handled  by  Biwox.  Write  for 
details. 
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line  of  compounds  with  speciheotions. 
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Permanent  Magnet  Handbook.  Edited 
by  E.  M.  Underhill,  Crucible  Steel 
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Dept.,  Box  2518,  Pittsburgh  30,  Pa., 
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1957,  580  p,  SIO.OO.  'I’wclvc  color- 
c<xled  sections  in  lixise-kaf  form  in¬ 
clude  pennanent  magnet  design  and 
mcasiirenients,  ferromagnetism  and 
electromagnetic  theory,  magnetiza¬ 
tion  and  demagnetization.  Specifica¬ 
tions  and  data  section  presents  nomi¬ 
nal  magnetic,  physical  and  mechan¬ 
ical  data  as  well  as  demagnetization 
curses,  energy  product  values  and 
other  infonnation  for  all  important 
pennanent  magnet  materials.  Supple¬ 
mentary  data  sheets  are  sent  to 
handbcKik  owners. 


handy 
9"  by  12' 
folders 


Keep  your  sales,  management  and 
distribution  people  informed 
on  your  advertising.  Circulate 
preprints,  reprints,  schedules 
and  other  material  in  these 
folders,  and  make  your  advertising 
dollars, work  over  and  over  for  you. 

Writs  ftr  lllsttratsd  foldir  asd  ^rict  list 
Promotion  Dept.  .  . .  Room  2700 
McGraw-Hill  Publishing  Co.,  Inc. 

330  West  42nd  Street.  New  York  36.  N.  Y. 


Mathciiutkal  Foundations  of  Infor¬ 
mation  Theory.  By  .\.  I.  Khinchin, 
IXrver  Publications,  Inc.,  New  York, 
1957,  120  p,  SI. 55.  Tliis  rigorous 
exposition  of  the  basic  concepts  of 
information  theory  places  emphasis 
on  the  notions  of  entropy  and  chan¬ 
nel  capacity.  Theorems  of  Shan¬ 
non,  McMillan  and  Feinstein  are 
elaborated  upon  and  new  results  re¬ 
lating  to  the  capacity  of  channels 
with  memory  are  derised.  Familiarity 
\sith  probability  theory  is  essential 
for  the  understanding  of  the  main 
ideas  and  detailed  results. 

Mnsilc  F.ngineeriiig  Handbook.  By  C. 
W.  Besserer.  O.  \'an  Nostrand  Co., 
Inc.,  Princeton.  1958,  6(K)  p,  SI 4.50. 
'ITiis  fourth  volume  of  the  “Princi¬ 
ples  of  Guided  Missile  IXsign”  series 
contains  data,  which  appears  in  the 
main  series  as  well  as  in  other  un¬ 
classified  literature,  that  will  be  of 
interest  chiefly  to  mechanical  or 
aeronautical  engineers.  ITie  elec¬ 
tronics  engineer  will  find  of  value, 
however,  the  sextion  on  avionics  and 
also  the  comprehensive  glossary  that 
comprises  about  one-third  of  the 
volume. 

The  Radio  .Vmateur's  Handbook. 
.\merican  Radio  Relay  1-eagne,  NVest 
Hartford,  Conn.  1958,  ’’46  p,  S5.50. 
This  55th  edition  of  the  llandbiKik 
has  bexn  res  isc-d  and  rc-sty  led  in  the 
light  of  current  needs  as  a  radio  con- 
stniction  manual,  reference  work  and 
training  text  for  class  or  home  study. 
F.xtensive  material  has  been  added 
on  radio-teletype  machine  and  cir¬ 
cuits.  'Ihe  data  chapter  of  vacuum 
tubes  has  been  completely  rewritten 
and  rearranged.  High  power  ampli 
tiers  and  beam  antennas  have  been 
added  to  the  vhf  sections. 

Gaseous  Condiictors-Theory  and  F.n- 
gineering  .\pplications.  By  ].  D. 
Cobinc,  Dover  Pub..  Inc.,  New 
^'ork,  1958,  606  p,  S2.75.  Reprint 
of  work  first  published  in  early  for¬ 
ties  covering  physical  concepts  of 
kinetic  theory  of  gases,  atomic  struc¬ 
ture.  ionization  and  emission  phe- 
uoinena  in  the  first  part;  study  of 
sp.icc  charge,  baakdow  n  of  gases  and 
characteristics  of  spark,  glow  and  arc 
discharges  in  the  second  part;  engi¬ 
neering  applications  of  discharge- 
phenomena  in  the  third  part. 
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CONNECTORS 


COMMENT 


Radiir  Noinogiaph 

Rc:  Comment  by  (juseph  II.) 
X^ogelman  in  your  Oct.  10  issue 
(p  192)  on  near-zone  measure¬ 
ments:  according  to  calculations 
made  in  V'ol.  12,  MIT  Radiation 
Lab  series,  the  near  zone  is  defined 
by  2D'/x,  not  by  D’/2x  as  gi\  en  in 
the  referenced  comment. 

D.  C.  Smai.i. 

Johns  Hopkins  Univkrshy 
Sii.vpR  Spring,  Md. 

W'e  referred  this  latest  in  a  series 
of  reader  comiiients  on  the  “Radar 
Power  Nomograph,”  published  oji 
p  72  of  our  July  4  issue,  to  .\iithor 
J.  E.  .\llen,  who  replied: 

llic  nomograph  is  based  on  far- 
ficld  theory.  Concerning  the  con¬ 
servatism  in  power  density  as  de¬ 
rived  from  the  nomograph  at  dis¬ 
tances  in  the  near  field,  this  safetv 
margin  was  purposclv  allowed.  It 
might  be  desirable  to  include  a 
correction  procedure  for  antenna-to- 
subjcct  distances  which  are  in  the 
near  field,  because  the  attenuation 
of  power  from  megawatt  radars 
might  otherwise  apficar  prohibitive. 

In  the  derivation  of  the  correc¬ 
tion  procedure  for  use  in  the  near 
field,  it  is  shown  that  the  near  field 
extends  to  a  distance  of  Q.V^EP/x 
for  purposes  of  determining  average 
power  density  under  conditions  of 
use  of  the  nomograph. 

The  values  of  2f>  x.  [y 
and  0.2sI>‘''X  mentioned  by  other 
correspondents  arc  probably  all  cor¬ 
rect  if  used  in  the  manner  intended 
under  the  conditions  for  which 
the}  were  derived,  l  or  example,  if 
one  were  deriving  the  closest  dis¬ 
tance  at  which  the  far-ficld  pattern 
could  accurately  be  determined,  he 
might  arrive  at  the  value  2D’/X; 
whereas  if  one  were  deriving  the 
greatest  distance  at  which  the  aper¬ 
ture  illumination  pattern  could  be 
determined,  he  might  arrive  at  the 
value  0.2sDV^. 

J.  K.  .\l.I  KN 

W'l  SIINGHOI'SF.  Ki.F.CTRIC  CoRP. 

Bai.timori 

Following  is  the  derivation  of  the 
correction  factor  as  provided  by  au¬ 
thor  .Mien. 

Losing  values  of  power  density 
derived  from  conventional  I’raun- 
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compounds 

for  miniature  parts  . . 


Write  iodey  for  additionaf 
inlormmtion  and  $ample$. 


Have  you  ever  been  stymied 
in  specifying  a  plastic  com¬ 
pound  with  highly  desirable 
properties  because  it  had  a 
reputation  for  being  difficult 
to  mold? 

Booker  &  Wallestad  have 
worked  extensively  with  such 
materials  as  Kel-F.Lexan  and 
Diallyl  Phthalate.  They  have 
developed  special  methods 
and  equipment  to  handle 
’’difficult”  compounds  in 
stride.  They  are  accustomed 
to  meeting  exacting  specifi¬ 
cations.  They  have  a  success¬ 
ful  performance  record  to 
support  these  claims. 

Contact  Booker  &  Walle¬ 
stad  whenever  you  want 
specialized  experience  in 
molding  unusual  compounds. 


CIRCLE  277  READERS  SERVICE  CARD 


CIRCLE  271  READERS  SERVICE  CARD 


It'll  get  there  quicker  if  you  give  your  postal  delivery 
zone  number  with  your  address. 

The  Post  Office  has  divided  106  cities  into  postal 
delivery  zones  to  speed  moil  delivery.  Be  sure  to 
include  zone  number  when  writing  to  these  cities, 
be  sure  to  include  your  zone  number  in  your  return 
address— after  the  city,  before  the  state. 


booker  & 
wallestad,  inc. 

Unusual  SKILL  and  ECONOMY 
in  custom  plastics  molding. . , 

3232  OoriMm  Av*.  •  MinncapalU  26,  Minn. 


CIRCLE  2M  READERS  SERVICE  CARD 
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Transistorized 

FREQUENCY 

STANDARDS 

^  frevid*  staM*  frequency 

ceurce  for  miteile  requirements 
^  Light  weight— small  size 
■if  Ruggedized  for  missile  service 

Compact,  rugged,  completely  tran¬ 
sistorized  units  .  .  .  consisting  of 
crystal  controlled  oscillator,  six 
binary  counter  stages  and  tuned 
power  output  stage.  Provides  preci¬ 
sion  time  and  frequency  reference. 
Proved  out  in  current  missile  proj¬ 
ects  by  all  three  armed  services. 
Various  frequencies  and  accuracies 
are  available  as  required. 

TYPICAL  SPECIFICATIONS 

Typo  TFS-400-2t0 

Output  Froquoncy  .  .  400  CFS 
Froquoncy  Accuracy  ,  0.002% 

Undor  tho  following 
conditions: 

tompofoturo.  •  «  .  0  to  -j-M’C 
voHogo  variation  .  25  to  30  VDC 

vibration . 0  to  2000  CPS  @  10G 

Output  Powor ....  50  Milliwcrits 
Output  Impodonco  .  .  >0  Ohms 
Input  VoHogo  .  .  .  .  2t  Volts  DC 
Input  Power  ....  1  Watt  ' 

Heater  Voltage  .  .  .  2S  Volts  DC 
Healer  Power  ....  3  Walls  DC 


Size . 4'A"  long  x  1%'* 

diameter 

Weight.  ......11  Ounces 


Writ*  for  data  shoot  or  information  on 
your  specific  requirements. 


■incorporated  1935  * 

4241  FuHon  Parkway  •  Clovoland  9, 0. 

CIRCLf  2S1  RiADERS  SERVICE  CARD 
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hofer  and  Fresnel  equations,  it  can 
be  shown  that  Hie  piower-densih’ 
ratio  ncar-to-far  is  given  by  (rff)*/ 
0.8D*.  Substituting  a  reasonable 
value  of  paraboloid  1.22X/D  ra¬ 
dians  for  produces  a  ratio 
1.86r*xVD‘.  and  equating  this  to 
1  to  sohe  for  r  produces  a  distance- 
to-transition  r,  =  0.734D’/X. 

The  power  ratio  ncar-to-far  for 
a  particular  radar  can  then  be  ex¬ 
pressed  as  (r/Tt)’.  Converting 
this  to  decibels  to  derive  a  correc¬ 
tion  for  the  attenuation  given  by 
the  nomograph,  one  finds 
db  =  10  log  (ratio)  =  20  log  r/r,. 

Tbc  correction  procedure  then 
becomes: 

1.  Determine  power  density  (or 
required  attenuation)  as  indicated 
on  the  nomograph  for  any  distance. 

2.  Compute  the  distance  to 
which  the  near  field  extends  from 
the  equation  r,  =  0.7?-lD’/X,  where 
D  is  dish  diameter  and  x  is  wave¬ 
length  (expressed  in  the  same 
units). 

3.  If  r  is  greater  than  r,,  use  val¬ 
ues  read  from  the  nomograph. 

4.  If  r  is  less  than  r,,  obtain  cor¬ 
rected  values  by  (a)  multiplying 
the  power  densih’  derived  from  the 
nomograph  by  (r/r,)*;  (b)  sub¬ 
tracting  from  the  atterfhation  de¬ 
rived  from  the  nomograph  20  log 
(r/r,)  db. 


Frequency  Divider 

In  Fig.  3  of  my  article  (“Trig¬ 
ger  Stabilizes  F’rcquency  Divider,” 
p  1 04,  Nov.  21),  the  capacitor  be¬ 
tween  the  plate  of  the  pentode 
and  its  control  grid  should  be  8,220 
micromicrofarads.  In  the  original 
drawing  it  was  1,230. 

Kitn-Mu  Chen 
Harvard  University 
Cambridge,  Mass. 


Big  Horn 

Is  there  an  error  of  an  order  of 
magnitude  in  your  Nov.  21  News¬ 
letter  (p  7)  where  you  mention  a 
horn  antenna  844  ft  long? 

George  Foiavei.i. 

Omaha,  Nebr. 

Nope— see  item  in  this  issue’s 
Business  Briefs. 


wrect  reading  of 
E*l  deviation  . . 

^^'•^OOmcAtlewCMI 


LAMPKIN  205-A 

FM  MODULATION  METfR 
a  Indicatm  inttontonaout  pooh  mo<iulation, 
plwt  or  minut,  on  0-12.5  or  0-25.0  KC 
tcolot. 

a  Accuracy  10%  of  full  tcolo. 
a  Tunoblo  25  to  500  MC-  in  one  bond,  with 
fa*t  and  tiew  control*. 

a  Soncitivity  20  millivoll*  or  bottor  through¬ 
out  range. 

a  Spookor  for  aural  monitoring,  otcillotcopo 
output  for  visual  monitoring. 

#  Moot*  FCC  spocs  for  mobilo-rodio  moin- 

#  Sizo  only  7"  *  12"  ii  VA".  Weight  13  lb*, 
a  Frico  5240.00  not.  Sotisfoction  guorontood 

or  menoy  refunded. 

To  measure  transmitter  center  frequencies, 
from  0.1  to  175  MC  (to  34100  MC  by  chediing 
multipliers),  with  on  accuracy  better  than 
0.0025%,  use  the  LAMFKIN  105-R  MICROM¬ 
ETER  FREQUENCY  METER. 

Write  today  for  tectmicol  doto 
on  both  instruments. 


LAMPKIN  LABORATORIES,  INC. 

Insfrymenfs  Qiv  Brodenton  Flo»idr 


CIRCLE  2*2  READERS  SERVICE  CARD 


RMS  to  DC 
I  CONVERTER 


Modal  1240 

*  Tnta  RMS  ragordlast  of 
wovafarm 

*  ±0.1%  (ofRaading) 

Accttrocy 

*  Liitaor  DC  output 

*  50  CDS  to  10,000  CDS 
froquancy  rospansa 

*  0.5  socond  lima  ratponta 

*  Low  output  Impodanca 

*  High  input  Impodanca 

Now,  for  the  first  time,  laboratory  standard 
accuracy  rvadlnos  of  AC  voltages  (from  20 
millivolts  to  300  volts)  arc  achieved  without 
sluggishness,  excessive  loading,  and  non¬ 
linear  scales.  Model  1240  provides  a  precision 
DC  output  directly  proportional  to  the  TRUE 
RMS  of  an  applM  AC  voltage  regardless  of 
the  waveform  of  the  input.  Linear  DC  out¬ 
put  has  low  impedance  .for  meter,  analog 
recorder,  data  processing  system.  Combined 
with  DC  digital  voltmeter  operates  at  preci¬ 
sion  AC  digital  voltmeter. 


Prlo*  F.O.S. 


950  CAIINOO  STREET  •  CONCORD,  CAIIFORNIA 
RtFRIStNTATIVIS  IN  FRINCIFAL  CITIES 


CIRCLE  2S3  READERS  SERVICE  CARD 
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SPARROW  in — th«  Nary's  tenacious,  liqhtninq- 
last,  alr-to-cdr  missile— Is  intended  for  extensive 
use  by  Navy  lighter  aircraft  in  fleet  air  defense. 
Sparrow  IH  is  a  Raytheon  prime  contract 


HAWK — the  Army's  defense  against  low-oltitude 
attackers— carries  out  its  destruction  in  the  blind 
torte  of  conventional  radars.  Hawk  development 
and  production  is  under  Roytheon  prime  contract 


TARTAR— A  substontial  contract  lor  vital  electronic 
controls  for  this  Novy  destroyer-launched  missile  is 
held  by  Raytheon.  This  equipment — a  tracking 
radar  and  associated  units — enables  tt  to  "lock 
on",  cling  to  target's  path,  despite  evasive  tactics. 


ADVANCED  PROIECTS  in  aeronautical  structures 
as  well  os  missile  guidonce  and  control  are  now 
underway  in  Raytheon  laboratories.  New  facilities 
ate  continually  being  added  for  this  work. 


PRELIMINARY  NEW  DESIGNS  of  tomonow's  mis¬ 
siles  will  result  from  the  advanced  woik  being 
done  by  today's  missile  engineers.  Raytheon  plays 
an  important  role  in  this  area. 


Raytheon  diversification  offers 

JOB  STABILITY 
FOR  CREATIVE 
MISSILEMEN 


Here  is  an  opportiinity  to  free  yourself  of  worry  about  a  job 
that’s  here  today,  gone  tomorrow. 

Diversified  assignments— only  possible  in  a  company  with 
Raythetm’s  wide  range  of  missile  activities— means  security 
not  found  in  one-  or  two- project  companies.  You  apply  your 
creative  energies  to  the  many  projects  you  work  on,  and  they 
in  turn  are  your  “insurance”  against  falling  into  a  rut. 

Individual  recognition  comes  quickly  from  Raytheon’s 
young,  engineer-management— men  who  are  ke«ily  aware  of 
the  engineer’s  needs  and  contributions  to  missile  progress. 

Dynamic  Raytheon  growth— the  fniit  of  this  management’s 
progressive  policies— is  best  illustrated  by  the  fact  that  Ray¬ 
theon  is  already  the  only  electrcmics  company  with  two 
prime  missile  contracts— Navy  Sparrow  III  and  Army  Hawk. 

The  next  step  is  up  to  you.  Why  not  get  frank  answers  and 
helpful  information  on  the  type  of  job  suited  to  your  back¬ 
ground  and  talents,  its  location,  salary  and  other  important 
details.  Write,  wire  or  telephone  collect:  'The  number  is 
CRestview  4-7100  in  Bedford,  Massachusetts.  Please  ask 
for  J.  Clive  Enos. 


_  - _ _ 

RAYTHCOM  OPPORTUNITIES  MOW  OPEN  IN: 
WEAPONS  SYSTEM  ANALYSIS  •  CONTROL  SYSTEMS 
•  PACKAGING  •  MICROWAVE  •  RADAR  •  SPECIFI¬ 
CATIONS  •  MISSILE  AERODYNAMICS  •  WIND  TUN¬ 
NEL  TESTING  •  AERODYNAMIC  HEATING  •  ROCKET 
ENGINEERING  •  VIBRATION  MEASUREMENT  and 
DATA  REDUCTION 

RAVTHKON  MANUFACTURINC  COMPANY 
Mlnslle  Syulnms  Division,  BoaHorS,  Moss. 


£itc*f/*nc*  in  Blnctronics 
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EMPLOYMENT  OPPORTUNITIES 


HAVE  SENSORS... WILL  TRAVEL 


Flying  at  50,000  feet,  probing  the 
heavens  up  to  150,000  feet,  Bendix 
personnel  during  the  years  imme¬ 
diately  ahead  will  be  finding  out 
more  about  the  world’s  weather 
than  man  has  ever  known.  A  new 
project,  to  be  undertaken  by  Bendix 
Systems  Division  for  the  U.  S.  gov¬ 
ernment,  will  employ  jet  aircraft, 
flying  distances  up  to  4,500  miles  at 
Mach  0.95  to  measure  cloud  forma¬ 
tions  and  look  inside  storms  with 
radar  sweeps  extending  150  miles 
from  the  plane. 

Using  rocketsondes,  drojjsondes, 
computers  and  new  aircraft  sensors 
the  system  will  collect  and  analyze 
atmospheric  phenomena  on  a  global 
scale  from  the  earth’s  surface  well 


into  the  stratosphere.  Officially 
designated  the  AN/AMQ-15  Air 
Weather  Reconnaissance  Program, 
the  new  project  will  Ije  carried  out 
in  cooperation  with  Boeing  Aircraft 
Company  and  six  other  Bendix  divi¬ 
sions,  under  the  Bendix  Systems 
Division’s  general  supervision. 

The  new  program  offers  an  out¬ 
standing  opportunity  for  qualified 
scientific  and  management  person¬ 
nel  in  thp  fields  of  physics,  chemistry 
and  meteorology  with  upper  atmos¬ 
phere  and  air  sampling  background. 

I - 1 

I  For  complete  deUils,  vrrite  Technical  Personnel  I 
I  Department  B)25,  Bendix  Systems  Division.  | 
I  3300  Plymouth,  Ann  Arbor,  Michigan.  | 

I _ I 


(  • ' 


Bendix  Systems  Division 


Ann  Arbor,  Michigan 


AVIATION  CORPORATION 


are  you  the 
forgotten  man? 

You  can't  broaden  your  career 
horizons  if  you  are  isolated  from 
challenging  engineering  assign¬ 
ments.  GILFILLAN  provides  this  op- 
px>rtunity  plus  a  friendly,  informal 
atmosphere  that  is  conducive  to 
scientific  achievement.  Diversified 
technical  challenge  is  being  of¬ 
fered  to  electronic  engineers  with 
a  minimum  of  3  years  expyerience 
in  Missile  Systems,  Microwave, 
Radar  Receivers,  Digital  Computers, 
and  Countermeasures. 

You  owe  it  to 
yourself  to  write  to 


dir.  scientific  personnel,  dept.  51 
1815  Venice,  los  angeles  6,  calif. 
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offers  a  free  hand 

to  creative  engineers  and  scientists 

m  IBM's  new 

Special  Engineering  Products  Division 


if  you'd  like  to  exercise  a  free  hand  in  solving  problems 
never  encountered  before  ...  if  you  want  to  work  on 
small  teams,  where  individual  merit  can  be  quickly 
recognized  ...  if  you're  looking  for  ground-floor  oppor¬ 
tunities  plus  the  job  stability  accruing  from  employment 
with  a  well-established  firm  .  .  .  then  you  should  con¬ 
sider  the  career  opportunities  now  available  at  IBM's 
new  Special  Engineering  Products  Division. 


S.E.P.D.  was  created  to  apply  IBM's  wealth  of  systems 
knowledge  to  the  development  of  special-purpose  preci¬ 
sion  equipment  related  to.  but  outside  of,  IBM’s  regular 
line  of  products.  Immediately  required  are  creative 
engineers  and  scientists  —  men  who  enjoy  the  chal¬ 
lenge  of  working  independently  on  a  wide  variety  of 
unique  assignments. 


OPPORTUNITIES  NOW  AVAILABLE  INCLUDE... 
Advanced  component  design 
Analog  or  digital  computers 
Automation 

Data,  conversion,  transmission,  processing  or  display 
systems 

Design  of  intricate  mechanisms 
Electronic  packaging 
Industrial  controls 
Instrumentation 

Dptical  systems  and  optical  mechanisms 
Servo  systems 

Solid-state  devices  and  applications 
Telemetering 

QUALIFICATIONS; 

B.S..  M.S.,  or  Ph.D.  degree  m  E.E..  M.E.,  Physics,  or 
Mathematics.  Industrial  experience  desirable. 


At  S.E.P.D.,  you  will  find  all  the  ground-floor  opportuni¬ 
ties  of  a  new  company.  You  will  work  on  small  teams 
where  individual  merit  is  quickly  recognized.  Assign¬ 
ments  are  varied  and  far  from  routine,  and  you  will  have 
IBM's  experienced  specialists  and  technicians  for  sup¬ 
port.  In  addition,  you  will  enjoy  all  the  advantages  of 
IBM  employment,  including  job  stability,  liberal  com¬ 
pany  benefits,  and  excellent  salaries. 


WRITE,  outlining  qualifications- 
and  experience,  to: 

Mr.  T.  P.  Bianco,  Dept.  554Z 
IBM  Special  Engineering  Products  Div. 
North  Hamilton  Street 
Poughkeepsie,  N.  Y. 


SKCIAI  {Ne'e  nlODU(^T$ 
DATA  PKOCtSSIPIG 
CICCTAIC  TTPtWIIIURS 
MIIITAAY  PWKMICTS 
SUfftlti 
TIMC  tOUIPMCNT 


SPECIAL 

ENGINEERING 

PRODUCTS 


IBM  Uboraloties  and  ManulKturin|  Plants  are  located  in.  Burlington  VI  ,  Pouihkeepsie  Owego  Cndkolt.  Kingston,  N.  Y.,  Rwhestei,  Minn  ,  Lemngton.  Ky.,  and  San  Jose,  Calif, 


EMPLOYMENT  OPPORTUNITIES 


■nglnaarS'CE,  MEt  Physicists 


PROFESSIONAL  CHALLENGE 
AWAITS  YOU  AT  ANY  POINT 
ALONG  THE  RF  SPECTRUM 


LEAR,  INC.  is  expanding  its  Field 
Service  organization  to  keep 
pace  with  an  increasingly  wide¬ 
spread  military  acceptance  of 
LEAR  flight  control  systems  and 
flight  reference  systems. 


At  General  Electnds  Light  Military  Electronica  Department 


Attractive  salary,  liberal  expense 
arrangements.  Assignments  may 
require  trovel  or  residence  at 
assigned  stations.  Company  ori¬ 
entation  prior  to  assignments. 


QualHieationt  include: 

1.  EE.  degree  or  equivalent. 

2.  Knowledge  of  servomecho' 
nisms,  gyros,  electronics 

3.  Tech.  Rep.  experience. 

4.  Must  be  U.  S.  citizen. 


By  designing  across  the  entire  elec-  areas  of  electronics, 
tromagnetic  spectrum.  Light  Mill-  But  equally  important.  Light 
tary  displays  diversification  that  is  Military’s  diversity  demonstrates  a 
unique  in  the  industry.  characteristic  of  high  significance 

It  takes  a  versatile  engineer  to  to  engineers  seeking  long-term  fu- 
apswer  the  challenge  projected  by  — stability. 

this  type  of  diversity— one  who  can  A  unique  combination  of  these 
move  freely  across  his  discipline,  two  faaors  — diversity  «»</ stability 
exposing  himself  to  unfamiliar  —provides  the  formula  for  unusu- 
problems  and  exploring  new  ideas  ally  rewarding  careers  at  Light 
with  colleagues  in  the  advanced  Military  Electronics  Department. 

We  are  particularly  interested  in  talking  to  people  capable  of 
circuit  design  and  systems  astalysis  in  the  following  fields; 

POLARIS  MISSILE  QUIDANCE  -  ELECTRONIC  COUNTERMEASURES  PROGRAMS 
-  SURVEILLANCE  A  FIRE  CONTROL  RADAR  -  DIOITAL  TECHNIQUES  -  DISPLAY 
DEVICES  -  NAVIGATION  EQUIPMENTS  -  MICROWAVE  DEVICES  -  TRANSISTOR 
TECHNIQUES  -  RELIABILITY 

Also  Mechanical  Engineers  interested  in  the  following  fields; 
ELECTRONIC  PACKAGING  -  SHOCK  A  VIBRATION  -  EQUIPMENT  CONFIGURA¬ 
TION  -  HEAT  TRANSFER  -  MECHANISMS 

Also  Openings  in  ADMINISTRATIVE  ENGINEERING  -  TECHNICAL  WRITING 


FIELD  SERVICE  MANAGER 


110  Ionia  Ava.,  N.W. 
Grand  Rapids  7, 
Michigan 


ENGINEERS 


We  can  offer  you  challenging 
opportunities  at  your  level  of 
interest  if  you  have  experience 
in  any  of  the  following  Areast 

•  Magnotic  Ampliflars 

•  Transistor  Circuits 

•  InstruntGnt  Sorvo 
PackagGS 

•  Data  Handling 

•  Analog  Computing 
TochniquBS 

•  Analog.  Digital 
Convorsion 

Excellent  salary  and 
company  benefits. 

Send  resumes  to  T,  R.  Carty 


ELECTRIC 


Forward  your  rosuinc  in  confidence,  or  simply  fill  out  and  mall  this  coupon. 


Mr.  Richard  C.  Kimm 
General  Electric  Company 
Light  Military  Electronics  Department 
French  Road,  Utica,  N.  Y. 


I  am  interested  in  professional  career  opportunities  at  Light  Military, 


FEEDBACK  CONTROLS 


.Degree  (s). 


I  am  particularly  interested  In  the  following 


technical  areas: 


(U.  S.  citizenship  required) 
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in  history,  creator  of  new  ground  support  systems  of  unparalleled  mobility, 


EMPLOYMENT  OPPORTUNITIES 


GOODYEAR  AIRCRAFT 

T.  M.  CoodFMT  Alreraft  Corporattoti,  Akron  1 B,  Oklo 
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Does  this  whet  your  creative  appetite? 


Engineers  and  scientists  of  merit  are  wanted — right  now — for  long-range  futures  with  Goodyear 
Aircraft  Corporation,  prime  contractor  of  the  new  Subroc  weapon  system,  largest  producer  of 
rocket-engine  cases,  pioneer  of  Pinpoint  guidance,  builder  of  the  largest  acquisition  radar  structures 


In  “black  box”  systems,  structural-plastics  fabrication,  virtually  every  phase  of  weapons  develop¬ 
ment,  space  navigation  and  exploration,  escape  systems — even  inflatable  aircraft. 


If  this  bill  of  fare  whets  your  appetite,  you’re  invited  to  join  the  round  table  at  Goodyear  Aircraft 
— where  some  of  the  best  brains  and  nicest  people  you  ever  met  are  tackling  sparkling  futures  with 
stimulating  gusto.  Pay  and  benefits  are  excellent — and  the  company  is  great!  Care  to  join  us?  Write, 
with  complete  confidence,  to  Mr.  C.  G.  Jones,  Personnel  Dept.,  Aircraft  Corporation,  Akron  15,  Ohio. 


For  Goodyear  Aircraft — with  multimillion-dollar  expansions  already  completed  in  the  most  modern 
of  engineering  and  research  facilities — is  a  prime  factor  in  the  rise  of  a  host  of  new  fields: 


And  more. 


ENGINEERS  : 
SCIENTISTS; 


I 


r 
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EMPLOYMENT  OPPORTUNITIES 


More  than 

8  OUT  OF  10 


say  "yes”  to  A  2 

an  invitation  W  m 

to  join  I  I 

Norden  Laboratories 


The  ratio  of  8.3  acceptances  for  every  10  engineers  invited  to  join 
Norden  Laboratories’  professional  staff  is  unusually  high,  especially 
in  the  opportunity>rich  electronics  industry.  We  went  right  to  the 
source  and  checked  new  members  of  our  engineering  groups,  who 
revealed  these  factors  impelling  their  decision  in  favor  of  Norden: 

•  Pioneering  Nature  of  the  Work  in  Diversified  Electronic  Areas 

•  Small  ROD  Groups  Fostering  Individual  AccompUshment 

•  Close  Contact  With  Management 

•  Flexibility  of  Assignments 

•  30-Year  Company  History  of  Achievement  in  Precision  Electronics 


CROSBY  LABORATORIES,  INC. 

Murray  G.  Crosby  &  Staff 

Radio  •  Ktortronlm 

BciPirrh  Dovebip»ent  k  MMuforturlng 
roniMusli-atloaa.  FM  *  T%’ 

S9i  Robtoins  Laa*.  HjrooMt.  New  York 
WEUb  t  llil 


ERCO  RADIO 
LABORATORIES,  INC. 

Radio  Communications  Equipment 

■  I>«ida  •  OvTCkipacai  •  Prortunion 
fhir  Smk  Y«*r  la  Air  to  Onmad 
rommunlcatloa  aad  Radio  Raaront 
Uarfli^  (Yty  •  laoac  Ulaad  a  Naw  York 


If  this  partial  description  of  the  professional  environment  at  Norden 
Laboratories  appeals  to  you,  look  into  these  immediate  openings  on  a 
variety  of  advanced  projects  at  both  White  Plains,  New  York  and 
Stamford.  Connecticut  locations: 

TCLCVISION  a  PASSIVE  DETECTION  •  TV  Display  Circuitry 

•  TV  Camera  Circuit  Design  •  TV  Transistor  Circuitry 
Also  opsnings  for  rsesnt  EE  grads 

RADAR  a  COINMUNICATIONS  Design  &  Development  openings  in 
the  following  areas;  Antennas  •  Microwave  Systems  •  Microwave 
Components  •  Receivers  •  Transmitter  Modulators  •  Displays 

•  Pulse  Circuitry  (VT  t  Transistors)  •  AMTI  •  Data  Transmission  •  ECM 
DIOITAL  •  Digital  (Senior)  Design:  Logical,  Circuit,  Magnetic  Storage 
QUALITY  ASSURANCE  •  Reliability  Analysis  •  SUndards 

•  Environmental  Test 

ENOINEERINQ  DESIGN  •  Electronic  Packaging 
STARILIZATION  a  NAVIGATION  •  SUbilization  Servos 

•  Amplifiers  &  Electronics 

FUTURE  PROGRAMS  •  SYSTEMS  ENGINEER  (SR) -Broad  technical 
background,  knowledge  of  fundamentals,  creative,  ability  to 
communicate  — experience  in  electronics,  radar,  TV  systems  —  supervise 
preparation  of  R&D  proposals.  Exceptional  advancement  opportunity 

•  SR  ENGINEER  —  Cost  development  for  R&D  proposals.  Require 
broad  technical  experience  in  electromechanical  &  electronic  systems 
PROJECT  ENGINEERING  •  SENIOR  ENGINEERS -engineering 
program  management.  Handle  project  from  customer  contact  through 
technical  &  component  phase  of  program 

SYSTEMS  ENGINEERING  •  Synthesis,  Analysis  t  Integration  of 
Electronics  t  Electromechanical  Systems.'  Require  broad  experience 
analytical  work  &  systems  component  integration 

•  Descriptive  Brochure  Available  Upon  Request 
After-hour  interviews  arranged  at  your  convenience. 

Send  rssums  in  eonfidenee  to ;  TKHNICAL  IMFt«;VMINT  MANAOIR 

NORDEN  LABORATORIES 

NORDEN  DIVISION  -  UNITED  AIRCRAFT  CORP. 

121  Westmoreland  Avenue  •  White  Plains,  New  York 
White  Plains,  New  York  Stamford,  Connecticut 


ALBERT  PREISMAN 

Consulting  Engineer 

Pain  iwaalqan.  VIdn 
AmplUlm.  PaUBt  tsiSiiilMl  eesmlisrloa 
SIS  at.  Aadraoa  laa*.  aum  Sprint.  MarrUart 


TELECHROME  MFC.  CORP. 

Electronic  Design  Specialists 
('ou>H  maviaioN  bquipmknt 

Firing  Spot  Sraanm.  Color  S^hmlirr*.  Krrrra, 
Mnalion.  OrrilkMeopn  and  Rnlaurl  Apparatua 
TrlrmHrrlnt  for  Ouldod  MlnllMi. 

J.  a.  PopSIn-normta.  Pm.  4  INr.  el  One- 
M  Kanlrk  Dr.  AaltrrIIla.  U  I..  N.  T. 


Professional 

Services 


MEASUREMENTS^ 

Research  &  Manufacturing  Engineers 


Htrrf  W.  Boork 
UpfOlAUM  la  tb»  DmIcb  and 
DpT«iapii>M8  0#  ElactroBle  Tmi  Iprtnwtit* 
Roooum.  JmiPT 


YARDNEY  LABORATORIES,  Inc. 

Research-Design-Development 


I.,et  them  save  your  time  by 
bringing  their  broad  experi¬ 
ence  in  their  specialty  to 
bear  on  your  problems. 


Klortm-Chotnlcal  Ornminn  of  Rnortr 


CONSULT 

THESE  SPECIALISTS; 


4k-4l  L«fm9rd  9(r**t 
Npw  York  IS.  H.  T. 


196 


December  5,  7958  —  ELECTRONICS  engineering  issue 


EMPLOYMENT  OPPORTUNITIES 


CNOINEER8  AND  SCIENTISTS 


The  further 

you  have  advanced  in  your  career 
the  more  significant  you  wili  find 
the  growth  picture  at  stromberg-carlson 

ELECTRONICS  ARM  OF 
GENERAL  DYNAMICS  CORPORATION 


Moving  heavily  into  electronics  research  and  development 
only  5  years  ago,  Stromberg-Carlson  has  recorded  the 
striking  growth  symbolized  above.  An  engineer  or  scientist 
of  proven  superiority  is  not  delayed  in  his  advance  by  a 
slow-changing  or  static  situation. 

And  a  continuing  growth  story  is  projected  by  management— 
another  50%  increase  in  engineering  and  scientific  staff  is 
scheduled  between  now  and  1963. 

Equally  important,  growth  at  Stromberg-Carlson  is  built 
on  engirieering  achievement  of  a  high  order.  The  well-known 
quality  of  its  work,  and  the  caliber  of  the  programs  it  handles 
( Prime  Contractor  and  Systems  Manager  for  an  Electronic 
Reconnaissance  System  and  recent  developer  of  an  electronic 
telecommunications  switching  system),  make  Stromberg- 
Carlson  a  natural  choice  for  men  who  wish  to  advaiKe  as  far  in 
professional  reputation  as  they  do  in  position  and  income. 


Immediate  Openinf($  in 
a  Divertity  of  Projects 


ntECOMIIIIUNIMTIOWS 

RIINCINl  SCIENTIST 
To  romult  on  toml'ronttertor  probltoM. 
Roqulm  knoolodgo  of  oppllroHon  of 
•olid  suio  dovlm  in  olortronlrt  ongt* 
noorUt:  thoory  of  wlcondoftort  ote. 

STAFF  CN6INIERS 

lUtponfiblo  for  lUU  of  (ho  ort  ttodloi. 
To  niolnlaln  torhnlrol  knonlodgo  oml 
ontlnoorlng  lopobllilr  •(  tho  hlghott 
lovtl  poitlhlo  In  (ho  brood  field  of 
tolocomniunicotlono 

SENIOR  ENOINEERS 
1.  For  tolophono  network  dttign  Inelod* 
Ing  modom  lynthotlf  riHm. delay  otmal* 
liori.  dltcrlmlnator  nrtooHti.  loie  and 
phoM  OQuahsort.  (rantlttor  switching 
rirrultry  ote. 

t.  For  RAD  of  olorironlc  twitching  •>•• 
(fiat  inrolTlng  •olid  itoto  do%lc««  and 
now  relay  swlirhlng  rlrrwlts. 

t.  General  fomaiunlfatlont  etnilpment 
design  and  devolopment. 


irt  or  EAUIVAilNT 

1.  Ciperleneo  In  carrier  engineering: 
knowledge  of  dial  and  nunual  Ulephono 
•ytteoM. 

1  For  systenii  engineering  work 
required  by  telephone  central  office 
eqvlpinent 

•EStARCH  t 

ADVANCED  DEVEIOPMENT 

USMSTOUT  MSMSER 

Radio  Communlcaflonf.  To  direct  RAD 
Inroltlng  Information  theory,  module* 
tlon  techniques,  propagation  phenomena, 
mirreware  techniques. 

SENIOR  MATHEMATICIAN 
PhD  or  outstamling  MR  In  Math.  Phy¬ 
sics  or  RE.  RpeclalUt  In  Information 
theory  applied  to  rrunmunlcatlona  and 
data  systema. 

ENDINEERINC  WRITING 

FR  degree  or  equivalent :  technical  writ¬ 
ing  etperlence.  To  work  on  military 
publlcatlena.  Mutt  be  capable  of  work¬ 
ing  with  tchemailrs.  electronic  equip¬ 
ment  and  spec  I  float  Ions  to  dertre  theoiT 
and  maintenance  Information. 


ELECTRDNICS  EN8INEERIN6 

SENIM  STAFE  ENGINEERS 

To  Bwwm  R«cofnlud  AnUmUit  la  1: 
1.  Aulooullc  Tnl  EquIpoMM. 
t.  t'lMimn  Wirftr*  («lrbenM  uid  tub- 
MrlfM  MMiar  lyitMMl. 

3.  Dliltel  Conpvlar  StiImm  (oirtMinM 
nttliMlM  and  oiImII*  tuldaoM). 

4.  Ad%anc*l  ComoHMlcKlom 

RRINCIRU  ENGINEER 

To  dfTcloa  and  InTtttlcala  fM«  Idtat 
la  aatoiBadc  coirtral.  Iwludinc  dldtal 
cooipattr  prablaau. 

SENIOR  EE't, 

PHYSICISTS  m  EE'S 
I.  TraMlitorltxl  Indutlrlal  proeati  ton- 
trot  aottlpaMnl. 

3.  Adianctd  auioaiallc  (tat  cquipoMat. 

3.  Adianctd  roBHWinlralloaa  ajritaflu. 

APTUCATIONS  ENGINEERING 

Engineering  or  technical  background.  S 
to  7  years  evperlenre  Including  contrac¬ 
tual  requirements,  tales  ar  purchasing 
of  romplex  electronic  equipment. 


ELECTRDNIC  SYSTEMS 

SECTION  HEADS 

1.  PtiD  ar  M8  In  EE  or  Flmlro.  To 
•uprr.lio  and  art  u  tomnltanl  and  lU- 
Iwn  aparlalltC  In  aritania  dtalgn  work 
—  both  thaorrtiral  and  aquIpoMat  — la 
brand  tomniunlcatlont  prajocta. 

3.  To  Mn>rTttfr  Intrcrallaa  of  anltmua 
laembaali  on  broadband  EOT  rrrrirar 
t>p«fl  into  an  ECM  rtconnalatanro 

fyiltm. 

SENIOR  ENGINEERS 

Etprrlmrt  In  iTOtrnia  Ihoortlltal  datitn 
and/or  cnalpmant  datlgn.  KabnIrat 
knowl.dia  of  aniira  rlrctromainatlc 
tprrtrun:  itarliinf  knonlrdca  of  propa- 
gallon  mrlhoda. 


PRDDUCTION  ENGINEERING 

1.  lR*s  to  establish  processes,  methola 
snd  fUturIng  for  manufseture  of  elec¬ 
trical  and  electronic  assemblies. 

i.  EE's  to  design  test  equipment  and 
develop  procedures. 


Rochester,  New  York,  home  of  Stromberg- 
Carlson,  is  a  professional  community  of  ap¬ 
proximately  500,000,  located  in  New  York’s 
famous  upstate  vacationland,  noted  for  its  cul¬ 
tural  advantages:  advanced  study  opportuni¬ 
ties  at  the  University  of  Rochester  with  its 


famed  Eastman  School  of  Music  and  Sym¬ 
phony;  unrivaled  park  and  school  systems, 
nKxlem  hos{Ntals. 

If  you  qualify  for  one  of  the  positions  listed 
above,  write  immediately  to  Fred  E.  Lee, 
Manager  of  Technical  Personnel. 


STROMBERG-CARLSON 

owVf  a  divioion  op  ornonal  ovnamicg  condonation  -FmP 

14IS  N.  GOODMAN  STREET  •  ROCHESTER  3.  N.Y. 
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ADVANCED  CELESTIAL  NAVIGATION  SYSTEMS 


EMPLOYMENT  OPPORTUNITIES 


ENGINEERS 


An  Invitation 

to  Enjoy  Unusual  Opportunity 
for  Growth  with  one  of  America’’ s 
Finest  Developers  and  Manufacturers 
of  Flight  Instrumentation 


For  further  information, 
please  send  resumes  to 
T.  A.  DeLura. 


Senior  Project  &  Staff  Positions  Presently  Ai'ailable 
in  Development  of: 


Qualiheations  should  include  previous  responsible  ex¬ 
perience  in  analog  and  digital  computers,  advanced 
electronic  techniques  and  navigation  concepts. 


Also  openings  for  Field  Engineers  in  development 
and  flight  evaluation  work. 


RANDOM  SIGNALS  AND  NOISE 

Just  Publishsd.  An  introduction  to  the  statistical  theory  underlylna* the 
study  of  elanals  and  noises  in  communications  systems.  Contains  an 
Introduction  to  probability  theory  and  statistics,  a  discussion  of  the 
statistical  properties  of  the  Oausslan  random  process,  a  study  of  the 
results  of  piMsing  random  signals  and  noises  through  linear  _ 
and  nonlinear  systems,  and  an  Introduction  to  the  statistical 
theory  of  the  detection  of  signals  In  presence  of  noise.  By 
William  B.  Davofsport.  Jr.,  and  William  L.  Root,  Lincoln 
Laboratory,  M.I.T.  SbS  pp..  Ulus..  $10.00 


NUMERICAL  ANALYSIS  ^ 

Just  Publishsd.  Covers  the  topics  most  directly  needed  for  a 
clear  understanding  of  methods  used  In  numerical  solution  of 
differential  eouatlons.  both  ordinary  and  partial,  and  In  the 
solution  of  integral  eouatlons.  Clearly  explains  the  use  of 
finite-difference  methods  In  obtaining  numerical  solutions  to 
problems — emphasising  procedures  which  can  be  most  readily 
programmed  for  an  electronic  digital  computer.  Many  helpful 
techniques  such  as  the  use  of  lotenge  diagrams  for  numerical 
differentiation  and  Integration  are  supplied.  By  Kaiser  B. 
Kuns,  Ridgefield  Research  Lab.  3$1  pp..  40  illus..  St.OO 


Just  Published.  Bases  the  study  of  feedback  control  system  design  on 
complex  frequency  plane  analysis — the  root-locus.  A  wide  range  of 
servo  transducers  and  components  are  covered.  Recent  advances  covered 
Include  a  section  of  gyroscopes  and  force-balance  transducers.  Inertial 
navigation:  analysis  of  nonlinear  systems  such  as  the  describing  func¬ 
tion  technique  and  phase  plane  analysis.  Frequency  methods, 
such  as  Nyquist  and  Bnde,  are  included.  By  C.  C.  Savawt. 
Jr.,  U.  of  Southern  Cal.  41S  pp..  Illws.,  $•.$# 

SEE  ANY  BOOK  10  DAYS  FREE 


'  .^yldcOrow-Hill  Beoli  C#.,  Dept  FI  11/5/5$  377  W.  «1sf  5t.,  New  Yerli  3«  j 
v  Send  me  book(s)  checked  below  for  10  days'  examination  on  i 

.A:,:.  <  approval.  In  10  days  I  will  remit  for  book(s)  1  keep  plus  few  I 

^  cents  for  delivery  costs,  and  return  unwanted  book(s)  postpaid.  I 

tWe  pay  delivery  costs  If  you  remit  with  this  coupon — same  ' 

return  privilege.)  | 

I  nSpenke — elect.  Semiconductors.  111.00  Q  Kuns — Numerical  Analysis,  $8.00  j 
I  Q  Davenport  Jt  Root — Random  Signals.  SlOtOO  □  Seely — Sleet.  Tube  Cire.,  $10.50  ! 
I  D  Savant — Feedback  Cent.  System  Design,  $0.50  I 


I  City  .  Zone  ....  State  .  j 

I  Position  . Company .  I 

I  For  price  and  terms  outside  U.$..  write  McOraw-Hill  Int'l..  N.  V.  C.  Ft  IJ-t-M  | 
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ELECTRONIC  SEMICONDUCTORS 


Just  Published.  A  rigorous  and  systematic  introduction  to  semiconductor 
physics,  developing  the  subject  logically  from  simple  concepts  and  giving 
clear  pictures  of  the  conduction  mechanism  of  electronic  semiconductors 
within  the  framework  of  the  band  model.  Among  the  book's  outstanding 
features  are  the  treatment  of  acceleration  of  electrons,  the  Zener  effect, 
etc.  Book  la  a  translation  of  the  2nd  Oerman  edition  of  Slrktrouitrhe 
HalblMter  by  Cberhard  Spenke.  Translated  by  O.  Jenny,  H.  Krpemer, 
K.  Q.  Ramberg,  and  A.  H.  Sommer,  RCA  Laboratories.  430  pp.,  1$3  illus., 
$11.00 


New  2nd  Edition  Just  Published.  Discusses  and  evaluates  the  funda¬ 
mental  properties  of  electron  tubes  and  their  circuit  operations — analyses 
tuned  and  untuned  amplifiers—  and  takes  up  In  detail  circuits  essential 
to  modem  electronic  systems  such  as  voltage,  video,  and  power  ampli¬ 
fiers:  waveform  generators;  oscillators:  modulators,  etc.  Scores'  of  prac¬ 
tical  examples  show  you  best  applications  of  theory.  By  Samuol  Seely, 
Case  Inst,  of  Technology.  2nd  Ed.  SSS  pp.,  73$  illus..  $10.30 


DASIC  FEEDBACK 
CONTROL  SYSTEM  DESIGN 


kollsman 


CHUm  OPPORTUNITIIS 
IN  RISENRCH 
\ND  DEVELOPMENT 


ELECTRONIC 

ENGINEERS 

SYSTEMS 

ENGINEERS 


Design  of  electronic 
Instrumentation  for 
underwater  ordnance. 
Analytical  and  experi¬ 
mental  treatment  of 
scientific  research  prob 
lomt  in  the  fields  of 
hydrodynamics,  ocout- 
Hes,  eloctronict,  net- 
wark  theary,  servo¬ 
mechanisms,  mechanics, 
information  thoery  and 
rroise  analysis  Includ¬ 
ing  onologuo  and  digi¬ 
tal  computations. 


INSTiaUCHT  COtPOIATIII 

Nisr  or  mm.  Fsossra  tm  mm 


PENNSYLVANIA  STATE  UNIVERSIH 
ORDNANCE  RESEARCH  LABORATORY 

P.  O.  Box  30 

University  Park,  Pennsylvania 

e  Oppertgalties  fee  Srsdoats  Stody 
e  Fscoltv  AggslatPisPti  far  QaallSed  AppHcenti 
e  Excelleot  Wsekiog  sod  LIviag  CsadHIsos 

Sand  Radumm  To; 

ARNOLD  ADDISON 
PdroonnsI  Oirsefor 


theory  *  design  *  performance 
of  electronic  circuits 


ELECTRON  TUBE  CIRCUITS 


f 
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EMPLOYMENT  OPPORTUNITIES 


Krjienrrk^_A*d^^Drv£lo£mrnt_^ 
XtlranceH  Circuitt  f’tiUtitty 


'•tnte  Cnmponrntat 


0«<i*ral  Klactric’*  Klactraaic*  Lak- 
acatary — an  appliad  reaaarcb  and 
advanca  davalopment  onranixation 
concarnad  with  avary  branch  of  alac- 
tronica — ia  condoetinc  lonc-ranaa  in- 
veatiaationa  relatad  to  aolid-atata 
techniquaa. 

Opaninaa  on  thaaa  proarama  axiat  for 
Individual  (^ntributora  and  Projact 
Laadara  to  anaiyxa  and  davalop  ayn- 
thaaia  proceduraa  for  circuitry  an- 
compaaaina  tranaducara,  farrita  core 
aonflaurationa,  dialactric  matariala. 
and  othar  aolid  atata  componanta. 

An  unuanal  balanca  hatwaen  ad* 
vancad  raathamatical  analyaia.  ap- 
plicationa  of  modarn  network  theory, 
and  aophiatirata<l  exparimantation  ia 
antailad. 

ProfaealoMl  ra^wlramaatai  DER;  or 
MSEE  plua'  minimum  of  two  yeara* 
axparianca  in  advanced  circuit  analy¬ 
aia,  prafarably  in  aoiid-atata  flald. 


HipHeM  irill  br  hrUl  in  alrici  con/l- 
ilriice.  I’leate  aend  rrannip  to:  .XI r. 
Itobert  F.  Jfoaon,  Olv,  2T-WV 

ClactraMlca  Laboratory 

Located  at  Sleetroniet  Park 


GENERAL^  ELECTRIC 

SyraruM,  New  York 


Power  tube*  with  10,000-hour-plus  life  dramatically  symbolize 
RCA  Tube  Engineering  progress . , .  and  even  more  critical 
industrial  applications  now  projected  make  imperative  the  need 
for  continued  advances.  Your  future  in  RCA  tube  design, 
development  and  application  holds  all  the  promise  of  an  exciting 
tomorrow  in  electronics! 

Electrical  Engineers— For  Design,  Development,  and  Applica¬ 
tion  of  electron  tubes.  Special  emphasis  on  circuitry  and  tube 
fabrication  processes.  B.S.,  M.S.  or  Ph.D.  degree. 

P/iyaictafs— Specialists  in  fields  of  solid-state  (high-temperature 
phenomena,  photosensitive  materials,  glass  technology),  instru¬ 
mental  analysis,  radioactive  tracing  techniques  and  electron 
optics.  B.S.,  M.S.  or  Ph.D.  degree. 

Lancaster’s  Great  to  Live  In — A  college  town  of  medium  size, 
alert  and  growing  . . .  Lancaster  has  unique  cultural  advantages, 
in  addition  to  its  location  two  hours  from  Philadelphia.  You’ll 
find  real  satisfaction  in  the  professional  atmosphere  of  RCA’s 
modem  plant.  Planned  advancement,  liberal  benefits,  tuition 
refunds  for  advanced  study,  too.  RCA  pays  interview  and  relo¬ 
cation  expenses. 

To  arrange  confidential  interview,  contact:  Mr.  £.  F.  Stevens, 
Manager,  Employment,  Radio  Corporation  of  America, 
New  Holland  Rke,  Lancaster,  Peflna.,  Attention  Dept.  G-12M. 
Or  phone:  EXpress  3-3661. 


DISENCHANTED 

ENGINEERS 


if  yaur  prvavat  rmplayar  baa  tmlird  to 
ntlllav  yanr  full  polratlal,  why  n»t  pvr- 
mll  us  tu  vxplorr  thv  puruairtvrx  fur 
your  puruunsl  qaallSrutluu*  with  thr 
■••uy  dynaxair  yuaaz  ruaipaniuu  la 
aviatlua.  rlwtraalrx,  ailuulluu  aad  rark- 
rta.  Wa  aaw  havr  la  axrraa  af  I.SSS 
apanluca  la  tba  SS.SSS  ta  Sik.SSO 
brarkrt,  all  af  whirh  ara  faa  paid.  Why 
waltr  Haad  raaama  la  dapllrata  at  aarr 
ta: — 

flOIllTY  SiRSONNfl 
Ills  Chaxtavt  Straat.  SMIadalphia  7,  Pa. 


ELECTRONIC  ENGINEER 

Elactroale  Eaqlaaar  with  eomblnad  phyiles 
or  qaophrsles  backsrouad  to  davalop 
maosuramant  syttomt  aad  atudy  low  tra- 
qaaaey  aloctromoqaatlc  phoaomaao.  Haply 
to  Arthax  A.  Hraat. 

NiWMONT  iXPlOSATION  ITD. 

S.F.D.  I.  Star  RMtr  SaaO.  Oaabufy.  CaaaMtlcal 


ADORKSa  BOX  SO.  RSPUSB  TO:  Rom  So. 
riaaaijlad  A/v.  Oiv.  af  tkto  publiralion. 
to  ogtro  neareot  you. 

SRW  YORK  ft:  P.  O.  BOX  It 

CHWAOO  It:  Its  S.  Jfirktpoa  Avr. 
HAS  FRASCiarO  |:  S8  Pott  at. 


Tomorrow  is  here  today 
at  RCA 


Itallablllty  a  prablamT  Savoataaa  yaars  la 

ai  rcraft  and  niisalle  elaotronic  parta  and  an- 
vlronmenta.  Flalda,  lab.  and  raliabillty  axpari- 
onca.  Daaire  poaition  to  adviaa  and  aaaiat 
miaalle  alactronica  raliabillty  affort.  Cali¬ 
fornia  raplias  not  raquaatad.  Minimum 
SI  4.000.  pw-saia.  Elactronlca, 


i 


1 
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sar4 

sen 

senA 

SCP7 

SerTA 

scniA 

IC22 

S€24 

•  DCS 

SOeSM 

4021 

S021/IINSS 

ijol 

SiOlA 

SJ02 

sjriA 

SJ04 

SJOt 

SiOllA 

Si23 


•LIS 

ISt 

ISO 

•LIS 

ISH^S 

•  K«21 
•J23 
H-23 
NK>24 
24G  3C34 
•L.2S 
2SA20T 
2SCS 
2S0S 
2StSWG 
rG-27A 
«K>2t 
2t07W 

•  M2fO 
3ST 
ISTO 


IBES 


sm  icHVHir  NAME  BRANDS 
1**11  '^  IMMEDIATE  DELIVERY 

pm  ir  LDW  PRICES 

UNCDNDITIONAL  GUARANTEE 


ELECTRONICS  CO. 

|^3M23 


1108  Venice  Boulevard  •  P.O.  Box  15654 
Los  Angeles  15,  California  •  Richmond  9*7644 


CM  AMiMt:  JASmUC 


>  Tihtfp*;  VAX 


LOW  PR  CES 


SPECIAL 


S  b"  DUAL  GUN  TUBE 


lOGf  pOfAIStOfKV  foe*.  P7  t€r««fl. 
VoliM  mt  $200  00.  This  fifb«  hot 
httfi  roi«ct*^  for  military  om. 

si  7.95 


VACUUM  CAPACITORS 
50  mmfd.  32  KV. . .  S.OO 
75  mmfd.  20  KV...  10.00 
100  mmfd.  20  KV.  .12.50 
Alto  Other  Valu9% 


THIS  IS  ONLY  A  PARTIAL  LISTING 


CHECK  WITH  US  FOR  YOUR  REQUIREMENTS 


All  pricot  F.O.R.  lot  Angeles,  swbieci  to 
chonge  without  notice.  Minimum  order  $10  00. 
Check  with  ut  for  items  not  listed. 


Thousonds  of  other  types  in  stock.  RECEIV 
INC  TUtESI  We  carry  a  complete  line.  Stand 
ord  brands  only. 
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we  BUY 

ALLEN -BRADLEY 
POTENTIOMETERS 

in  all  values  and 
combinations 

LEGRI  S  COMPANY 

391  Rivordol*  Av«. 
Y*«k«r«  S,  N.  V. 


LOST  or  STOLEN 

AUMANN  La^  Wlniinf  AtMinMy.  H  c«4l 
nacliMia.  TyM  Of  4710.  Pat.  Na.  072.024. 
farial  Na.  S7llt2.  Liaaral  rawar0  far  lafaraiaflaa. 
PtaaM  aatify 

INDUSTtlAL  WINDING  MACHINEtT  COtP. 

120  Wall  Str.  Naw  Varti  0.  N.  V. 
WHItaHall  3-I7M 


DON'T  FORGET  THE  BOX  NUMBER 


Mr.  Offiar  Woltan 
0«taB  Radio  Cofii^oy 
Ooincy^  llliaoiB 


TYPI  T-JJ-JJJ 

POTENTIOMETERS 

From  slock  in  all  voluos 

LEGRI  5  COMPANY 


391  Rivcr^lo  Av* 


Yonhors  5,  N.  Y. 


RADAR-TEST  EQUIPMENT 
COMMUNICATION  EQUIP.  AVAIL; 
SCR-AN-TS  UPM  URM-AIL  TYPES 
Wt  Maintain  a  Kntonditianing 
and  Tottinf  Lab. 


WRITE  FOR  OUR  CATALOG 

TECHNICAL  SYSTEMS  CORP. 

12-01  43rd  Ave.,  L.  I.  C.  1,  N.  Y. 
RA  9-0652-3 


OCCUPANT  —  TAXFREC  —  LOW  ANNUAL 
RENTAL  —  NEW  FACTORY  JUST  OUTSIDE 
TULSA  OKLAHOMA  —  ABUNDANT  SKILLED 
NATIVE  HELP  —  LOW  LABOR  COSTS  — 
ESPECIALLY  SUITABLE  ELECTRONIC  INDUS¬ 
TRY  ASSEMBLY  AND  PARTS  —  CONTACT 
BO-9343  ELECTRONICS 

Clau.  A4v.  DIv..  P.O.  Bai  12.  N.  Y.  3t,  N.  Y. 
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WANTED  TO  BUY 


Madal  13SB  Ha«lat1>PaelLar0  CaMfaay  FM  Mani- 
tar  ar  aaahralaat.  Plaaaa  Baa0  eamplata  lafaraia- 
tiaa  aa0  prica  ta 


RADALAB  inc. 


TELEVISION  BROADCAST 
STATIONS 

WE  CAN  SUrriY  COMPLETE  V.  H.  F. 
TELEVISION  STATIONS  FOR  EXPORT  OR 
DONttSTK  USE  AT  A  FRAaiON  OF  THE 
COST  Of  NEW  EQUIPMENT 
TRANSMITTERS 

DUMONT  1000/3000  Urint  S  KW 
DUMONT  9000  Smim  3S  KW 

STUDIO  EQUIPMENT 
VIDIO-AUDIO  CONSOLES 
PICTURE  MONITORS 
FILM  PROJECTORS 
SYNCH.  GENERATORS 
VIDEO  AMPS 

SPECIAL  EFFECTS  GENERATORS 
CAMERAS-FIIM  PICKUPS 

Fran-  Daviatian  Manitan  Ta*t  Eqaipmant. 
Many  alhar  Accaaiaciat,  Mana.  and  Calar. 
Olhar  DuaaoBl  —  RCA  —  Calaa  —  GC  ole. 
aqalp.  avail.  Aa  thia  typa  of  oanip.  la 
acarca.  lal  us  know  what  you  want.  All 
equip,  is  In  oxeallant  condition  and  will 
ba  taalad  in  our  lab.  boloru  dolivory.  Wa 
can  lupply  anqinaara  to  suparvlsa  Instol- 
lotion  OTorsoas. 


AN/ART-13,  100  watt  iranaminar  dn- 
aiqnod  to  proYida  radio  communication 
by  Toica,  (MCW)  or  CW  toloqraphy. 
Clnsa  "B"  audio  modulator  syslom  eapa- 
bia  oi  modulatinq  Iba  corrior  at  laast 
•O^e  OB  Toien  or  MCW.  Incorporotos 
automatic  tuninq  mochanism  wbi^  may 
bo  usod  to  aalacl  any  on#  oi  11  iro- 
quancioa.  raima  2000  kC  to  It,  100  KC. 
fraquancioa  200  KC  lo  1500  KC  ranqa 
is  proTidad  by  addition  oi  ooeUlator 
0-lt/ART-13A.  Excollont— O50.S0.  0-10 

Low  iraquoncy  osciUoior  coll  for  ART-13, 
Excoilont — SR.RS.  24  VoH  dynamolor  ior 
ART-13  tl4.RS. 

VHF  UHF 

AN/APR-4  38-4000  me  RECEIVER 
— This  Is  a  pracisioB  racoivor  oovarinq 
30-4000  me.  Tba  sat  utiliaaa  5  tuninq 
anils  with  diract  raodinq  diala  in  maqa- 
cyctaa.  Tba  racalaar  baa  a  wida  and 
Borrow  band-widlb  30  me  I.F,  strip 
which  may  bo  solactod  at  will. 

An  output  motor  is  proridod  to  msasurs 
siqnal  stronqth.  Outputs  ors  providsd 
lor  a  puls#  onolyxor  and  pan  adaptor 
llO-Y  AC.  M-2<00  eyelo. 

With  3  tuning  units  3t  to  1000  me, 
ExeollsnI.  81  St. SO. 

TN-it  APR  4  Tuning  Unit  1000  to  2200 
me.  ExeollsnI . SlSt.SO 

LM-20  Froquoney  motor  hatsrodyns, 
erystol  calibratsd.  Modulatsd  coTsrinq 
iraquonciss  from  I2SKC  to  20,OOOKC  con- 
linuously.  Thia  oquipmsnt  proridss  ac- 
curociss  oi  .03%  in  tbo  12S  lo  2000KC 
bond  and  .01%  in  tbo  2000  to  2O,0OOKC 
bond.  With  original  colib.  book  and 
crystoL  Brand  Now  . 87R.S0 

LM-i3  Froquoney  motor.  Excoilont  SSf.SO 
AN/APRSA  Airboms  suparbot  radar 
saoreh  roc.  Fraq.  ranqa  1000  lo  8100  MC. 
Roc.  boa  a  10  MC  IF  bond  width  opor- 
atinq  from  RO/IISV  AC.  sinqlo  phoso  M 
lo  2800  cpo.  and  ono  amp.  at  MV  DC — 
complola  with  tubos . Stt.SO 

OSCILLOSCOPE  TS-34/AP--A  portabU 
unit  dooiqnod  ior  mainlononco  at  radio, 
TV,  radar  and  sloctronic  oquipmonl. 
Froquoney  ranqo:  Tidso,  Viswablo  wavs 
iorms;  0.2S  lo  30,000  micro-socond  puloas. 
OsciUoscopo  may  bo  oxtomolly  tri^orod 
by  siqnal  oi  omplitudos  oi  from  1  to  7S 
▼olts,  or  H  can  provido  sxtomal  triqqsr- 
inq  ior  swoop  circuits.  Froq.  ranqo  In- 

Sut:  Vort  ranqo:  30  cpo — 1  me.  Input: 

.1  lo  100  volts  Poak  lo  poak.  Swoop 
spaadt  triqmrad  swaap  S,  SO.  and  2S0 
micro-aaconds.  Sawtoolh  10  to  SO.OOO 
eycloa  conttnuously  variablo  oparatoa 
from  110  VAC  80  cycla— Excoilont  STt.SO. 
Input  imp.  0-40  DB. 

Maasuromants  Corp.  Pulsa  Ganarator 
Modal  788^—80  lo  100.000  pulses  par 
sacond.  Excallant  . S88.S0 


R  W  ELECTRONICS 

Dept.  L 

2430  S.  Michigan  Ave. 
Chicago  16,  III. 


87-17  I34rii  St..  Richmand  Hill  18,  N.  Y 
Pbona  Vlrqmio  9-8181-3-3 


TM  0O2A  rGeGiuGf  It  0  0iQ0  eryotal  ewiitr»ll«0 
AMimiiNleatiGN  rQc«iv«r.  Tlil»  rw.  Mn  tiifi«0  to 
any  fra«.  ia  tile  rmafa  af  30  200  MC  0y  tlaiily 
elia«fiiif  tlia  crystal  anO  ratuNina  tha  fraat  cad. 
Tliara  arc  aa  aa^ls  ta  eliaaaa.  Tlia  M*JO0  MC  raata 
eavarad  la  aaa  0and.  A  Baaaldi  and  aataaiatlr 
aalsa  llaiHar  i«  Ka*  Idad.  Maaati  in  a  19"  rack 
aaa«:.  Inawt  II0V  00  eye  M  watts. 

AN/GSQ-1  SPEECH  SCRAMBLER 

Tkis  is  a  aait  dasifnad  a  ba  attachad  ta  eltbar  a 
radto  ar  trlaabana  r  realt  ta  «craaibl«  taaacb  cr 
cadt.  Tbls  aaaiamant  wtlltoM  caded  card«  la  caefc 
farailaal  raaiaiacat.  Ualast  tb«  apaaarty  naaibareH 
card  is  inBartad  aa  tba  racalviaf  end  tba  saaaeh 
eaa  aat  ba  aasaraaiblad.  Tbig  praaidas  aa  ai* 
callcat  arhraey  syttoai.  24  VOC  lapat.  Mfa 
Waatarn  flactrla 

AN/TPS-1B 

300  MILE  AIR  SEARCH  RADAR 

TSs  TPS- IB  It  a  rsry  Ists  tyss  L-bssO  msfeil*  sr 
swtsSIs  air  ran  arts  rsOsr.  This  Ml  will  Ostwt 
airtrall  as  ta  200  aiilst  and  as  ta  M.tM  ft. 
Th«  Mt  U  eawasMO  at  taialt  aartaWr  earryiai 
COM  that  art  baltaO  tafstliw  ta  aiakt  at  tka  Ml. 
A  7*  P.P.I.  tad  a  ST  "A”  «Moa  art  ara-ldcO 
Thit  Mt  it  la  aM  by  tba  Air  Farm  aad  Marina 
Carat.  CaaioMt  tali  avallabit.  P.O.R. 

COMPLETE  EQUIPMENT 

GRC-S-O  GRC-3B  PRC-4  SCR-A94 

ORC-9  ARN-4  PRC-S-IO  ARC-13 

ORC-34  APN-9  PRC-14  ARC-37 

OttC-37  APN-13  VRC-3-IS  ARC-34 

ORC-3a  APN-33  ICR-399  ARC-49 

SEND  FOR  OUR  NEW  CATALOG 


♦  AADAiAO  •  RADALA0  • 


WANTED 

TM  11-B07  Tocknical  RRoniuil.  Ralph  Vlllors. 

Mobile  Communication  E(|uip.  Co.,  P.  O.  Box 
I,  Sttmhunville.  Ohio. 


WILCOX  602A 

30-200  MC  CRYS.  CONT.  RECEIVER 


NEED  METERS? 

STANDARD  or  SPECIALS 

ANY  QUANTITY-NEW-4IIIIITARY 
'UK  AIRCRAFT-HAMS 


™EIECTRI 
AIRCRAI 

Jl|  I  MAKES- 

MLL  <(ANGES 

METERS 


MAKES-MOOELS 

RANGES-SIZES 


REPAIRED 

RESCALED 

RECALIBRATED 


WRITE  -  PHONE  -  WIRE 

A  &  M  INSTRUMENT  SERVICE 
INC. 

76-14  Woodiida  Avo. 

Elmhurst  73,  N.  Y. 

CAA  No.  4264  Ltd.  HA  9-2925 


SUPPLIERS  OF  ELECTRONIC  TUBES 
MAGNETRONS  KLYSTRONS 

IGNITRONS  THYRATRONS 

TRANSMITTING  RECTIFIERS 

TR.  ATR,  RECEIVING 

CATHODE  RAY  ETC. 

I  *  Request  Our  Quote  Before  You  Buy 


Your  free  catalogue  is  just  off  the  press,  ready  to  be 
sent  to  you.  Call  Republic  5-0215,  or  Writa 
V  &  H  RADIO  A  ELECTRONICS 
2051  W.  Venice  Blvd.,  Los  Angeles  6,  California 
TWX  U  14M  *  CaM*  Vhrad«l*<l 


COMPLETE  ELECTRONIC  EQUIPMENT 
SUPPLIES  AND  SERVICE  FOR  PRIVATE. 
COMMERCIAL  AND  MILITARY  AIR¬ 
CRAFT  . . .  COMMUNICATIONS.  RADAR. 
SPARE  PARTS  LARGE  STOCK  ON  HAND 
‘  Request  Our  Quote  Before  You  Buy  I 


4-  ■  I 


"C/ 


RADIO  RESEARCH 
INSTRUMENT  CO. 


550 

FIFTH  AVf. 
NEW  YORK 
JUDSON 
6-4691 


SCR  SM-SKYSWEEF  ANTENNA  PEDESTAL 

Pull  azlmutli  and  datatioa  iwrrpa,  SM  dram 
azlmutb.  205  dran*  rlrtatlon.  Aeeunej  ±  onr 
oJll  or  brttrr  in  anal*.  (  tt.  dlih.  fully  dnr  MIT. 
Kadiatlon  Lab  ariini  VoL  I  na  SM  and  Soil,  Vol. 
Ss.  pa  233.  Fbr  full  trarkina  imponitr.  Includr* 
prdratal  drirn  ■rUyna.  ne.  Exnalwnt  uard  condi¬ 
tion.  First  time  tnrae  prdciitaU  hare  brm  a<all- 
AN/APS-10  RF  HEAD  purebaaa.  Control  conaolea  alao  In  atock. 

3«an.  lOkw  output,  hjdr^en  tbyratroo  mod.  .*  F-2S/APN.19  FILTER  CAVITY 

lulcrcMM.  rm  30  me  IF  5.5  me  bendwidtli.  _ _ _  . ,  e 

30  tubes  3xtaU  plua  2J4S  maanrtron.  $375  ea.  Full  $»».  apro:  TuneaMe  17()0-2»0<toie.  l.Sdb  max.  Iota 
drsc.  MIT.  Bad.  lab.  aeries  Vol.  1  pa  S16-625.  *’  '"O  o’"  band.  ,N\sr.  $.37.50  each. 

FOR  SALE:  IN  STOCK-COMPLETE  RADAR  SYSTEMS 

SCR.SA4  30  ft.  trailer  dkysH rep  antenna  aystero.  AN/MPN.1A  KM'A)  tirnund  Control  Ap- 

P1*I  Indicator  4-  Kill  10  cm.  llish  proech  R^er.  ft  trailer  with 

povM*  for  airway  eontrol  mlMlle-Hatellite  traeklna.  3cm  precinton  and  HN’m  Hcarrh  lUdant  aa  um^ 

radio  aBtrooomy  R  it  D.  Aa  new  t'omplete.  by  CAA.  Full  detc.  VoL  11  MU'  Rad  Lab  Berlca 

am/A^^IO  Complete  airborne  Ra<Ur  Mfg.  b>  Sec.  g.i.3. 

^  Q.E.  3cm.  UAlnff  2J4t  Magnetron  <0-9  t'ompact  wt.  455  Iba.  rotatiag  yoke 

for  NaTlgatioB.  Mapping.  Weather.  Collition  Avoid'  PPI  4.  SO.  M  mile  ranges.  Ideal  for  weather 

ance.  Like  New.  foreraiiting.  IaK  Brand  new.  Firc  approved  t9.V). 


Q.E.  3cm.  UAlng  2J4t  MagnHrni 
for  Navigation.  Mapping.  Weather.  Collision  Avoid 
ance.  Like  New. 


GOVERNMENT  SURPLUS 

RADAR  &  MICROWAVE 

SYSTEMS  AND  COMPONENTS  "EXCLUSIVELY" 

PLEASE!  SEND  US  YOUR  INQUIRY 
WRITE!  FOR  OUR  NEW  CATALOG 


RADAR  DIVISION 

RAMAGE  A  MILLER  ENTERPRISES 
3221  Florida  Avanua,  Rkhmand,  Calif. 

PHONE;  BEocon  4-7061 -Cable:  RADAR,  Richmond,  CoKf. 


Electronic  LABORATORY  SUPPLY  COMPANY 


Pramiuin  qualtty  NEW  corapoaanfs  at  below  lactory  pricoa 

DECEMBER  SPECIAL:  W-E  35-A — Grasshopper  Fuses  TV's  omp.  $96.00  per  M. 

A  Writ*  for  evr  16  poa*  CATALOG  and  SPECIAL  mailina* 


1 7208  GERMANTOWN  AVENUE  *  PHILADELPHIA  19,  PENNSYLVANIA.  CHasInuf  Hill  8-2700 


mittiwf.  tad  fadi^rlaJ  Typat.  Naw.  lat  gnalHy. 
guaraataad.  Tag  anava  brandt  aaly.  Cavaraaiant 
targlwB  aad  cammareial  fast.  lab.  and  eamaiwnlca* 
tiant  agnlgaitnt  la  etaek.  9all  at  yaar  txceti  tabat 
and  Malpmant.  Unatad.  alaan  tabat  af  all  tygat 
wantad.  ^ad  tgaeille  datalla  In  firat  lattar.  Wiita 
far  ‘*6raaa  Sbaat**  eatal^  T9d. 

iARRY  iUCTRONICS  CORR. 

$12  Braadway  WA  $-70M  Naw  Yark  12.  N.  Y. 


GLASS  TUBING 

PYREX  •  NONEX  -  URANIUM 

BULB  A  CYLINDERS 
WRITE  FOR  FREE  MONTHLY  LIST 
HOUDE  SUPPLY  COMPANY 
PHONE  COLFAX  4-I2SC 

P.O.  8*x  206  K*vaert,  N.  J. 


lore.  Stock  of 

TELEPHONE 

RELAYS 

Ta  rill  All  Vmip 


Chase 


R/388's,  R/390's,  SIJ's 

COMMUNICATIONS  RECEIVERS 
PURCHASED,  SOLD,  AND  SERVICED 

GIZMOS  a  SUCH 

STILL  RIVER,  MASSACHUSETTS 


HARRY  KRANTZ  CO. 

Hi*  largotf  RESISTOR 
ttock  in  th*  Country 
Tromondotu  QuoatlHo* — Vk,  I  A  1  W. 
40  to  70%  ott  mfq.  prieo* 

•9  Cbambori  St.,  N.  V.  C.  IS  WO  2-5727 


If  there  it  anything  you  want 

that  oHwr  roodon  can  (ooRly 
OR  .  .  .  seiMHiiag  you  don't  wont — 
thot  otlior  roodm  con  mo — 
Advertiie  it  in  the 
SeAKCHLIGHT  SCCTION 


SEARCHLIGHT 

[QUIPMENT  SPOnii 

SERVICE 

This  sorvice  i$  aimed  at  helping  you, 
the  reader  of  "SEARCHLIGHT",  to 
locate  surplus  new  and  used  electronic 
equipment  and  components  not  cur¬ 
rently  advertised.  (This  service  is  for 
USER-BUYERS  only)  No  charge  or 
obligation. 

How  to  use:  Check  the  deoler  ods  to 
see  if  what  you  wont  it  not  currently 
advertised.  If  not,  send  us  the  specifica¬ 
tions  of  the  equipment  wanted  on  the 
coupon  below,  or  on  your  own  company 
letterhead  to; 

SEARCHLIGHT  EQUIPMENT 
SPOniNO  SERVICE 

Electronics 

Classified  Advertising  Division 
P.O.  Box  12,  N.Y.  36,  N.Y. 

Your  roquirotnonts  trill  bo  brought  promptly 
to  th*  attention  of  th*  equipment  dealers 
advertising  in  this  section.  You  will  receive 
replies  directly  from  them. 


Searchlight  EquipRient  Spotting  Service 
c/o  daseified  Advertising,  ELECTRONKS 
P.  0.  Bex  12,  N.  Y.  36,  N.  Y. 

Pleat*  help  ut  local*  the  fellowing  equipment: 


NAME  . . 

COMPANY  . 

STREET  . 

riTY  . . 

ZONE . STATE  ... 
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The 

career- curve” 
of  a 

man  named 
Carter 


Charlie  Carter  started  out  like  a  ball  of 
fire.  First  ten  years  —  terrific!  Then  he 
seemed  to  slow  down.  Other  men  — 
younger  newcomers  —  passed  him  by. 
Why.> 

What  happened  to  Charlie.’  Nothing. 
It's  what  has  been  happening  to  industry. 
Business  has  become  so  big  and  busy,  it 
moves  too  fast  for  men  who  seem  satis¬ 
fied  with  the  status  quo.  Never  have 
management  ranks  been  so  wide  open 
for  "get-up-and-go”  men. 

Look  ahead,  read  ahead,  get  ahead. 
Know  your  job  inside  out.  Be  an  "au¬ 
thority”.  But  don't  stop  here.  Be  a  grow¬ 
ing  man  .  .  .  equally  knowing  on  the 
cross-currents  of  other  job  funaions 
within  your  company  —  well-informed 
on  the  working  inter-relationship  of  all 
operations  —  the  big  piaure. 

How  can  you  do  this  comfortably.’ 
With  the  business  publication  you  have 
in  yovr  hand  right  now.  Its  editors  know 


your  held.  They  work  in  it  —  right  at 
your  side.  They  are  your  eyes  and  ears. 
They  go  to  the  places  you  would  go  if 
you  had  the  time.  They  look,  listen, 
question  for  you.  They  review,  analyze, 
edit  .  .  .  deliver  all  that  is  important  to 
you.  They  eliminate  the  non-essential 
and  the  time-wasting.  They  do  this  fast 
and  accurately.  And  because  they  write 
about  that  which  is  as  close  to  you  as 
your  own  family  —  your  future  .  .  . 
you  will  find  your  favorite  McGraw- 
Hill  publication  more  and  more  a  pleas¬ 
ure  as  well  as  a  profit  to  read. 

The  big  benefit  to  you  is  simply  this: 
The  greater  time  you  put  into  reading 
this  magazine,  the  greater  your  gain  in 
"time  saved".  You  handle  your  present 
job  faster  and  with  far  greater  effeaive- 
ness.  And  you  reward  yourself  with 
bonus  hours  of  new  opportunity  to  look 
up  and  do  something  about  that  bigger 
job  ahead. 


McGRAW-HILL  SPECIALIZED  PUBLICATIONS 

7Ae  most  interesting  reading  for  the  man 

most  interested  in  moving  ahead 
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CORRECTION 


The  correct  address  of 
THE  DAVEN  COMPANY 
is:  528  West  Mt.  Pleasant 
Ave.,  Livingston,  N.  J. 

The  address  in  the  Daven 
advertisement  appearing 
on  the  inside  back  cover, 
the  Nov.  7,  1958  issue  of 
Electronics  is  the  old  and 
former  address  of  The 
Daven  Cai.  When  writing  to 
Daven,  please  u.se  the  Liv¬ 
ingston,  N.  J.  address. 
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swit( 

like  inese... 


"You  name  it  .  ,  .  DAVEN  either-  makes  it,  or  can  make 
it."  This  has  been  proven  time  and  time  again  ...  and 
in  the  process  DAVEN  has  produced  some  of  the  most 
complex  switches  and  switching  devices  ever  made. 
Switches  with  any  number  of  positions-any  number  of 
poles-  available  in  almost  any  type  of  material :  ceramic, 
phenolic,  glass  base  epoxy  (GSG),  melamine,  mica  .  . 
available  as  hand-operated  units-or  low  or  high  speed 
switches  Life  in  the  millions  of  operations  when 
necessary 

r 

DAVEN  also  produces  switch  assemblies- solenoid 
operated -and  completely  wired  or  cabled  with  com¬ 
ponents  assembled  to  the  unit  where  required.  And, 
only  DAVEN  has  the  patented,  Tamper-Proof  Knee 
Action  Rotor. 

Aside  from  these  distinctive  and  unusual  units, 
DAVEN  has  over  3000  standard  switches  which  are 
shown  in  the  DAVEN  Switch  Catalog. 

Write  tor  this  catalog-or,  if  what  you  need  is  a 
distinqt  departure,  send  DAVEN  your  blueprints  and  full 
details.  The  switch  catalog  is  just  a  starting  point,  as 
far  as  DAVEN  is  concerned,  in  handling  your  switch 
requirements. 


TODAY.  MORC  THAN  CVER.  THE  DAVEN  (O) 

STAND&  row  dependability! 
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RCA’s  comprehensive  line  of  TRANSISTORS  offers  you  reliability, 
electrical  uniformity,  top  performance,  and  mass-production  availability! 
They  are  produced  and  controlled  to  meet  the  most  critical 
performance  requirements.  Whatever  your  needs  in  transistors— /rom 
special  one-of-a-kind  projects  to  production-run  apparatus ...  from 
dc  to  VHF— contact  your  RCA  Field  Representative  or  your  local 
Authorized  RCA  Distributor  for  a  discassion  of  the  RCA  TRANSISTORS 
best  suited  to  your  own  designs.  For  technical  data  on  specific  types, 
write  to  RCA  Commercial  Engineering,  Sec.  L-19-NN-1,  Somerville,  N.  J. 
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Semiconductor  A  Materials  Division 
Somerville,  N.  J, 
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